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FOREWORD

My colleagues and I are pleased to present the third annual report focussed spcxifically on the life-span
dose-response studies being conducted at the Inhalation Toxicology Research Institute, ITRI, and the University
of Utah. As previous readers of regular ITRI annual reports may recall, progress on these life-span studies used
to be included in those reports along with other research reports. Because of the importancz and magnitude of
these studies and the results coming from them, we decided to publish the scientific accomplishments and a'sociated
detailed charts and tables in a separate document.

The information presented here provides a complete summary status of tlýese studies as cf September 30,
1991. This report has been prepared as a stand-alone document for informational purposes. References to previously
published documents and open-literature are also provided to assist the interested reader in obtaining additional
information in specific areas.

The inclusion of results from both the ITRI and University of Utah studies in this report reflects the
cooperative effort between investigators at thes, two organizations currently being supported under DOE Contract
No. DE-AC04-76EV01013. Included in this ar, ingement is the provision of clinical care and biomedical observations
for the dogs during the remainder of their lives. In a similar way, ,1l of the living dogs in the life-span studies
of Beagles ' radiated chronically with gamma radiation at Argonne National Laboratory were transferred to ITRI
on January 23, 1991 for clinical care and biomedical observations for the remainder of their lives.

An increasing number of the ITRI and University of Utah studies have arrived at the point where all
dogs on study have died. Thus, our efforts are increasingly directed toward detailed reviews and analyses of
study materials and data and the publication of these results in the open scientific literature. These completion
efforts are being conducted by teams of investigators at both institutions. Their goals are to prepare basic manuscripts
on each study, make analyses across studies within ITRI or the University of Utah programs, and other cross-
cutting analyses among results from other laboratories, and use this information to derive the health risk implications
of these studies for human subjects. An Executive Summary is provided to allow the reader to obtain a brief
summary of the past year's progress and accomplishments and to serve as an indicator of the kind and location
of information that is available in greater detail in the report.

J11 . Mauderly rD. ., <1.

Director
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EXECUTIVE SUMMARY

This report, which covers the period October 1. 1990, through September 30, 1991, describes the scientific
progress in, and current status of, life-span studies on the long-term health risks of chronic irradiation of Beagle
dogs from internally deposited radionuclides or an external gamma source. Primary emphasis is placed on the
19 major studies that were im tiated at the Inhalation'Toxicology Research Institute, ITRI, and are now being completed.
In addition, information is provided on life-span studies initiated at the University of Utah.

All living dogs in the Utah-initiated studies were transferred to the ITRI facility for the remainder of
their life-span observations and measurements in September 1987. After this transfer, scientists at both institutions
have worked collaboratively to ensure the orderly and thorough completion of these studies. This report is the
third in a series of annual reports dealing with the current status and progress of both the Utah and ITRI studies.

Other life-span studies involving dogs exposed to gamma radiation from an external source were initiated
and conducted for many years at Argonne National Laboratory, ANL. In 1991, the decision was made to discontinue
the chronic irradiation of the remaining living dogs and to transfer all remiining dogs to ITRI for care, clinical
observations, and pathological observations at death or euthanasia. This report also provides the current status
of these dogs.

The sections dealing with the Utah and ITRI studies comprise most of this report. The information on
both sets of studies is organized along similar lines, addressing basic research approaches, study designs, recent
accomplishments, and progress in study-completion activities.

The ITRI-related section presents brief statements of project objectives, the general procedures used in
these studies, and some study-specific features for each of the 19 studies being conducted with either beta- or
alpha-emitting radionuclides. Dose- and effect-modifying factors being addressed in these studies include total
dose, dose rate, LET, solubility, non-uniformity of dose, species, age, sex, health status, and mode of exposure.
Recent additions to experimental protocols for studies in which dogs are still alive involve the collection and analysis
of tumor tissues using currently available molecular biology techniques.

The ITRI section continues with a presentation on the current status of these studies divided into four
sections dealing with a) studies in which dogs are alive, b) studies in which all dogs are dead, c) current activities
related to completion of all these studies, and d) recent research accomplishments. At the beginning of this fiscal
year, there were 131 dogs alive in 8 studies. By September 30, 1991, the closing date for this report, there were
106 dogs alive in 6 studies. With the exception of one dog exposed to 144Ce in fused aluminosilicate particles,
FAP, when 3 months old, all of the other living dogs received one or repeated inhalation exposures to monodisperse
aerosols of 239puo2. Brief clinical and pathology summarios are given for each dog that died during the past
year. For studies in which all dogs are dead, summary information and references to all previous reports on
these studies in previous annual reports are given.

Many current activities in the ITRI program are directed to completion of the clinical pathology reviews
of the dogs by study, data analyses, and manuscript preparations needed to de:ermine and present the basic results
of these studies and their implications for human health risks from inhaled radionuclides.

Eight brief reports are included that describe current results from these studies. The first two involve
lifetime biological effects seen in Beagle dogs that were exposed once, by inhalation, to 91Y in a relatively soluble
form, 91YC13, or in a relatively insoluble form, 91y FAP. When inhaled in this relatively insoluble form, the
lung and tracheobronchial lymph nodes received most of the chronic dose of beta radiation. Pulmonary carcinomas
were the principal finding in dogs that died at long times after the inhalation exposure. The dose-resnonse data
were analyzed by using a proportional hazards model. The risk factor for chronic beta radiation from this study
was about 1/2 that seen for lung cancer in Japanese A-bomb survivors exposed at 25 yr of age. The reduced
risk factor may be due to the differences in dose rate in these two different exposure regimens.
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In dogs that inhaled 91YCI 3, the 91Y was absorbed from the lung and deposited in other organs, particularly
the liver and skeleton. Six lung cancers and three cancers of the nasal cavity were observed. No skeletal cancers
and only one liver cancer were found. These results make an interesting contrast to the results above for 91Y

FAP, showing how radionuclide form can influence which organs are at risk after an inhalation exposur..

The next report presents the lawe-occurring effects from inhaled 238PuO 2. If inhaled 23'PuO2 behaved
in the same manner as inhaled 2 9PuO2, it would be expected that the 23SPu would be very insoluble, remain
in the lung, and produce its long-term biological effects there. However, enhanced dissolution due to particle
fragmentation, led to substantial long-term translocation of 23SPu from the lung to liver and skeleton. Late-occurring
cancers were seen in all three organs. These results emphasize the importance of having direct knowledge on
the in-vivo solubility of an inhaled material as it may affect the lifetim.r health risks.

A study of the health effects of repeated inhalation exposures to 2-39PuO 2 is reported next. Dogs were
exposed by inhalation to 239puO 2 once, or once every 6 mo for 10 yr and observed over their life-spans. Preliminary
analyses presented in this report indicate that the survival of animals dying from lung cancer appears to be independent
of dose rate and dependent only on the total cumulative radiation dose to lung.

The next report presents a brief interspecies comparison of the risks of lung cancer from chronic beta
radiation. A proportional hazards model was used to analyze and compare results for mice, rats, and dogs that
inhaled a relatively insoluble form of 144Ce. Similar lifetime risk factors were found in all species, increasing
our confidence that the mean lifetime lung cancer risk factor, 70 lung cancers/10 4 Gy, could be used directly
as an estimate for a lung cancer risk factor in humans for chronic beta irradiation.

A similar type of approach is described in the next report, which compares lung cancer risk factors for
an alpha emitter, 239Pu, and a beta emitter when inhaled in relatively insoluble forms by rats and dogs. The
relative effectiveness factors for lung cancer produced by chronic alpha radiation compared to chronic beta radiation
were 25 for rats and 36 for dogs. These results indicate that the use of a radiation weighing factor of 20 is only
generally consistent with results seen in vivo.

Another comparison of the effects of chronic alpha versus chronic beta radiation is given in the next report
using results for bone cancers seen in dogs that inhaled 9°SrCl2 or 238 puO 2. The 238Pu induced primary bone
tumors that were 97 % osteosarcomas, primarily of the vertebra, pelvis and humerus. In contrast, the 90Sr produced
both osteosarcomas and hemangiosarcomas, primarily in the skull, rib, pelvis, and scapula. It is likely that these
results reflect differences in patterns of radionuclide distribution and retention ind the resulting doses received
by critical cells.

The last report discusses the effects of age and antigen exposure on in vitro production of tumor necrosis
factor in the dog. These stadies involved 1I aged and 12 young Beagle dogs. Primary antigen instillation caused
a more pronounced refraztory effect in pulmonary alveolar macrophages, PAM, from young dogs than from aged
dogs. These results suggest that the state of activation of PAM plays an important role in the diminished immune
response seen in the lungs of aged dogs.

The current status and recent progress of life-span studies from the University of Utah begin the next
major section of this annual report. These studies were initiated in the early 1950's for the purpose of determining
the radiotoxicity of 239Pu relative to that of 226Ra for comparison with results obtained in humans containing
burdens of 226Ra. A number of studies with other radionuclides, primarily alpha emitters, were added in later
years.

A brief presentation of the specific objectives of these studies is given, followed by a description of the
general procedures. The main difference between the Utah studies and the ITRI studies is the exposure route.
All of the Utah studies involve exposure by a single intravenous injection (or repeated injections for 224Ra), whereas
all tPe ITRI exposures, except for 137CSCI, were given by single or repeated inhalation exposures. The Utah
studies involved both life-span studies and special serial-sacrifice studies. Of primary interest at the present time
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is completion of the life-span studies. Study-specific features are presented for studies of young-adult Beagles
that received intravenous injections of I of 10 difterent radionuclides or of immature oraged Beagle dogs injected
with 23Pu or 22°Ra.

Twenty two dogs died during FY-1991. By September 30, 1991, there were 39 dogs alive in the Utah
studies at ITRI. These living dogs had bee•n injected with 224Ra, 226pa, or 239Pu. The number of living dogs
represents about 3% of the total population of life-span study dogs.

Research efforts in the Utah studies fall into three general categories: I) contid care and observation
of the dogs still alive, 2) detailed dosimetric studies, at the organ and local levels, of tlies injected radionuclides
and the factors that influence these dose patterns, and 3) completion of final reviews of biological materials and
data, compilations and analyses of data, and preparation of final study reports for public, ira in the open, scientific
literature.

Care and study of the dogs on study are continuing at the ITRI facility. Mad of the scientific effort
at the University of Utah is currently being dirxted to completion of major life-span satuies and the associated
dosimetry studies required to determine dose-response relation-hips and estimated heat risks for humans. The
current focus of study completion activities is directed primarily to the studies of youg adults dogs injected
intravenously with either 226Ra or 239pu. Milestone schedules are given for the various segments of these studies
that need to be completed prior to completion of overall summary manuscripts on these satdies. These individual
milestone activities are also leading to other manuscripts that present more detailed examinations of the various
dose and effect results obtained as well as analyses that cut across two or more studie.

Examples of recent progress in the completion of the Utah studies are given m five brief reports. The
first two of these deal with soft-tissue effects seen in dogs injected with 226Ra. Ihe first report examines the
occurrence of tumors in the eyes of dogs and compares these results with those from conmtol dogs or dogs injected
with 9°Sr. Excess melanomas occurred in the eyes of 226Ra-injected dogs as a reswmt of localized deposition of
226Ra. No intraocular tumors in excess of those seen in control dogs occurred in the 9°Sr-injected dogs.

The second report deals with mammary tumors in dogs injected with '26Ra. The issue of mammary tumors
possibly arising from internally deposited 226Ra arises from the ir.creased incidence of uiammary cancer seen in
women exposed to 226Ra while painting luminous dials. The occurrence of mmmarn tumors was examined in
the porulation of dogs injected with 226Ra and followed for lifetime observation.. The analyses reported here
indicate that the occurrence of mammary tumors in the Ra-exposed dogs was similar to "tat seen in the control
dogs, but the age at tumor diagnosis was much younger in the Ra-exposeld dogs than in the control dcg,. The
reasons for this difference remain to be determined.

The third and fourth reports deal with dosimetric factors for alphia emitters in the skeleton. In the third
paper, the distribution of 226Ra is compared for cortical and trabecular bones in humans and Beagle dogs. These
analyses indicated that although the overall levels of 226 Ra retention in dogs and humans differ widely, the prtitinning
between cortical and trabecular bone may be quite sirrular. This information is a necessary ingredient in the
extrapolations of bone tumor risk factors betweer &g and people.

The fourth report discusses hit factors and other microdosimetric parameters for nuclei of bone-lining
cells irradiated by alpha emitters. Values given fo. 237Np, 2- 6Ra. 2-YPu. and 2'1 Am are additional pieces of
information needed eventually to understand the relationships be.'.-en average dose to the skeleton, local doses
to individual bones, skeletal microdosimetry, and the resulting risks of radionuclide-induced bone cancer.

The final Utah-based report presents results of a study on the promotion of radiatiom-induced liver neoplasia
by chronic ingestion of ethanol. Eight dogs injected with 24:tA citrate were also gi,-e ethanol twice daily in
their feed and followed for long-term observation. The occurrence of liver tumors in these dogs was compared
with that seen in 42 241Am-injected dogs that did not receive ethanol. A 2- to 3-fold increase in the risk of liver
cancer was seen in the 241Am-injected dogs that were also exposed chronically to ethanol. These results indi,;ate
that restriction of dietary ethanol may be a prudent part of a tre-itmrent regimen in hunun cases involving hepatic
irradiation.

ix



The section on studies originated at the Uni ersity of Utah is followed by a brief status report on the
dogs rn-oed to ITRI from ANL in J.anu~rv 1991; a total of 73 dogs were moved to ITRI. By the end of FY-
1991. 18 of these dois had died or %%ere euthanized. All of the surviving dogs continu. to he followed medically,
and gross and histopatholog) information kill •e ohtained at death.

The sections on the ITRI. Utah, and ANL studies; ire followed by tA,) sections that provide references
to open literature and docurment publications produ,ced by the ITRI and Utah efforts. Specific references to open
literature publication-, during the p&,t fic•al eair are included for both organizations.

"This annual report concluds with publication oif the annually revised appendix tables that list pertinent
expenmental inforrmation for eer,, do •,•,%ined to either an ITRI- or Utah-initiated study. These tables are working
documnents, for w~hich inolt,,dual entnres rma' change from time ito tim as new or revised information becomes
a.ailahle. When the infornati',n in a ,pecific table reaches the point where further changes are unlikely, it will
be -wo noted. None of the tables has Net reached that !stage.

x
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I. ITRI LIFE-SPAN STUDIES IN DOGS



A. SPECIFIC PROJECT OBJECTIVES

The major objectives of these studies are to define the late-occurring health effects of inhaled radicrnuclides.
to determine appropriate dose-response functions for describing the occurrences of these effects, to gain an
understanding of the relative importance of various dose- and effect- modifying factors, and to use these results
to estimate human health risks from inhaled radionuclides. Because the ifforination necessary to describe these
relationships is not available from human exposures to radionuclides, it is necessary to perform studies in laboratory
animals to address these issues.

The series of life-span studies conducted in Beagle dogs for this project was designed to determine the
toxicity of representative radionuclides from the inventory of vareous types of nuclear reactors and military production
facilities. Specific questions that are addressed in these studies are as follows:

I. What are the organs at ri6k relative to the solubility of the chemical form of the radionuclides?

2. What is the importance of total dose and dose rate to the lung with repvvt to beta-emitting radionuclides
in producing biological effects?

3. What is the importance of the uniftrmity of dose to the lung from alpha-eintting radionuclides relative
to the risk of lung cancer?

4, Does the age of the individual at the time of exposure modify dose and resulting effects?

5. Does the protraction of dose by repeated exposures hav,. an important effect on biological responses?

Our major focus is on lite-span studies in dogs; however, studies are also being done in rodent, and
in nonhuman priiastes. The purimte of tiw,.e iatlr .iudos ii to providc Irmauon from u!ter sfx•:et- That *,i;
strengthen and improve the extrapoilation (of data from laboratory animuls to human%.



B. EXPERIMENTAL APPROACHES

1. General Procedures

Each of the dog life-p-, studies involves dogs that were exposed at one of 4 to 10 levels plus une:xpo).-Cd
control dogs. Typical? . -. ,h exposure level contained 12 dogs,; although in a few instances, a particular level
contained more c.- Vý.s than 12 dogs. All digs w~ed were purebred Beagles from the Institute's colony. Before
being placed on study, each dog received A complete meicdical e-.-Auation to ensure its suitability for inclusion in
a Ize~nstudy. Dogs were placed on stIudy according to a randomized block design. Two or mnore block,;
ui dogs, at leaist one block of each %ex. each containing one dog at each desired exposure level and a control
dog, were entered on study at a particulAr time. Entry of the full complement of dogs in a given study was spread
over 2 !n 5 years.

With the exception of the study in which 137CsCI wa~sadministered by intravenous injection, all radionuclides
were administered by single or repeated, brief. pe~r-nasal inhalation exposure. Dogs were whole-body counted

immediately after exposure and periodically thereafter. toquantitate the initi&l body burden of the inhaled radionuclide
and its subsequent retention. UrnnAry and fecal excretion% were collecte daily in the early post-exposure period
and periodically thereafter, as; another meani of quantifying radionuclide retention.

All dogs on study received annual modical e'.aluA'ions, as well a% clinical treatmnent Ahen req4uired. The
erial blood cell count% and serum chemistry determinations And the radiographic inform~ation were compiled into

individual, life-time medical rec.ords for e.Ach dog. At death, e~ach dog received a complete nccropsy, with gross
examination of tissues and orgAn-. And collections of specimnwn for histopAthology and radioAnalysis of radionuclide
content. Tissue specimnwrs were examined histopAthologic:AllV. And A case summary and diagnoses were prepared.
Additional dosimetry datA were ob'tained from the serial %acrithe of dogs exposed in parallel studies using the
amen radionuclides and Aerosol forms A% in the life-span studies. Ili--topathology result% are encodfed according

to the SNODOG. a rmsiified version of the SNOM1EI n~omenalature system, and entered into a FOCUS data base
Along with major clinical rcsult'. for each dog.

2. Study-St'esic FyAtyr~

a. Beta-Fmittuig Radionuclides InhAled in a RclAtisely Soluble Form

The solubility of inhAle~d material in body fluids has a definite effect on the tranislocaliont of radionuclides
from the lung and influence% which oryansý receive signific:anftiadiAiion dose,%. The four radio'nuclide compo~unds
chosen for these sotudie%. '1 .SrCl.. 44CeCI<,. 31 41cl. and I17 C,5Cl, provided a ranlie Of Organs At risk. inc~luding
lung, liver, skeleton And whole Nxwsi. For the purposes of this r-porl. use of the terms ~Sr, 137C, ofr4-C

refers to an equilibrium mnixture of 1ýSr-""Y, t137C,-, imrr,3. or ' 4 -"P.r'iev.Specific features- if
these four studies are gisen lwlow.

i. '"SrKl, tlnhAl~tion expos-ures4 pertormued from 1965-19Yi7)

Thnis. study involses4 48 dogs that receisted %ingyle inhalw*.;'n iiexposres to graded !evel% of "~Sr and 15
control dogs. The expos)urt aerosoýl %4A% ' r in A nonrAdgos 1it '%sCI sector. The long-term mutined hurdens
ranged from 0.37 ito 4 44 %14q log body wI A-ght, F31ýAUse "Sr isa lsore-%erking ridionuclide. the skeleton was
the main targtt organ.

ii. t4"Cccll (Inhalaiwtinoxsre pertormed Itrom 1960-1967)

Tbis study inoss55 Jdogs that rreceis'td 'ondel inhA!aion exsposure to 1"CeCli on a ('s v'to nd
17 contro~l dofg%. 710-l~f) g-t1-rTn o-taoed rdo.1,- i ;w(, ra 0 U inj to 3 SU4 kg ts'dY w l, ht. !r.1111

target orirrari were lung. livter, sfe'tnAnd Masal kA% IV



iii. 9 1YCI 3 (Inhalation exposures performed from 1966-1967)

This study involves 42 dogs that received single inhalation exposures to 9 t YCI 3 on a CsCI vector and
12 control dogs. The long-term retained burdens ranged from 0.52 to 20 MBq;kg biody weigh.. The main target
organs were similar to those for 144Ce - lung, liver. skeleton and nasal cavi'y.

iv. 1 37 CsCi (Intravenous injections were done in 1968-1969)

This study involves 54 dogs that received a single intravenous injection of `7CsC1 and 12 control dogs.
The initial body burdens of 137Cs in the inrjeted dogs ranged from 32.5 to 148 MBqkg body weight. Because
of the soluble nature of the injected material and the fact that the distribution of sium follows that of potassium
in the body, the resulting pattern of irradiation was generally a whole-bxly -Aposure, in contrast to the three

studies listed above where the radionucitues veic pretlc..etialy)' uels-mo,.tl in only a fr'v organs.

b. Beta-Emitting Radionuclides Inhaled in a Relatively Insoluble Form

This %cries of four studies was designed to investigate the carcinogenic response of the lung to similar
doses of chronic beta radiation delivered over different periods of time. To achieve this ohjective, four radionuclides,
with radioactive half-lives ranging from 64 hours to 29 years and each encapsulated in a commen form of vector
aerosol, fused aluminosilicate particles (FAP). were studied. Specific features of these four studies are given below.

i. )(Y in fused aluminosilicate particles (Inhalation exposures performed from 1969-1971)

This study involves 89 dogs that received single inhalation exposures to 9°Y-FAP and 12 control dogs.
The initial lung burdens (ILB) ranged from 2.96 to 192 1Bq,"kg hody weight. Because the half-life of "Y is
relatively short, 2.6 days, and '•}Y in this form is relatively insoluble, the major radiation dose was delivered
to the lung.

ii. 91y in fused aluminosihicate particles (Inhalation exposures performed from 1970-1971)

This study involves 96 dogs exposed once to gradcd levels of 9 1 Y.FAP and 12 control dogs. ILB ranged
from 0.407 to 13.3 MBqikg body weight. The effective half-life of SY is approximately 53 days in the lung.
The main target organs were the lung and trachet)bronchial lymph nodes.

iii. 144"Ce in fuise-d aluminosilicate particles (Inhalation exposures performed from 1967-

1971)

This study involve% Ill dogs that receiv.ed single brief exposurts to t4ACe-FAP a:i young adults and 15
control dogs. IL ranged from 0•C)(XX to 7.77 MBqý'kg. The effevtive half-life of 144Ce in the lung is about
180 days. Lung and tracheo)bronchial lymph nodes were the main target organs.

iv. 9OSr in fused aluminosilicate particles (Inhalation exposures performed from 1970-1974)

This study involves 106 dogs that received single bnef exposures to '4Sr-FAP as young adults and IS
control dogs. 11-B rmnged from 0,()0:4 to 3.55 MBqikg Kdy weight. The radioactive half-life of 9i•Sr, about
29 yea's, is the longett of the four radionulI'dCS used in this series. When incorpm)rated in FAP, the effective

pulmonary retention half-fý is about 500 days. The main target organs were lung and tracheobr•onchial lymph
nod.es.

Fýgures I and 2 ilhiitrate the eff-ct of ditferent retention patterns in the lung for the four studies in which
young adult logs inhaled radionuclides in FAP aero,,ols These differernces result from effective half.livws in lung
that rane from - 2 &iys fo)r *'oY m)o r•r, thsr 500) Jays f(-r 4oSr. In Figure 1. the expected change in radiation
dJCs;e r:4te .ts a function of time is shown for the level," of exposure seleled to produce initial dose rates of I Gy!
day. The doe pattern,; in Figure I required assignment Of qmilar activity levels for IL3, b~ecause the beta energies
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are simnlar for the four radionuclides. For the same ILB, different dose-rate patterns result in marked differences
in the long-term cumulative radiation dose to the lung. Differences in radiation dose patterns among the different
radionLclides are demonstrated in Figure 2, where cumulative dose curves resulting in infinite doses of 20 Gy
to the lung required ILB ranging from 48 MBq for 9)Y (initial dose rate = 5.3 Gy/day) to 0.26 MBq for 9OSr
(initial dose rate = 0.57 Gy/day). Table I shows the various organs that received substantial beta radiation doses
in these studies and thus, were especially at risk for the development of long-term biological effects.

100

O SY FAP

" 10.2I

1024 I

0250 Soo 750 1000
DAYS AFTER INHALATION EXPOSURE

Figure 1. Calculated absorbed beta dose rate to the lung for Be.ag+le do•gs for vario)us inhaled radionuclide-s normalized
to I Gyiday initial dose rate (1 10 g lung). FAP =fused aluminosilicate particles.
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Fivure 2. CAlc~ulated palttemn, fo•r ac,,urnum•litig tolal hra-do•,e to) the: lung in Be.agle dogs o)f 20 Gy fro)m various
inhaled radionuclides HI 10 g Jung). FAPL " ij,;cd Altmrino+,,icle•'a particles+.
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Table I

Life-Span Dose-Response Studies in Beagle Dogs that Received Single,
Brief Exposures by Inhalation To Beta-Emitting Radionuclides

Whole-Body Organs Receiving Substantial Radiation Doses
Aerosol Effective Age at
and Retention Inhalation Whole

Form-a Hailf-Life Exposure Lung Skeleton Liver Body TBLNb
137CSCl 30 days 13 months r+C

9 1YC13  59 days 13 months + + + + + +

144CeCl 3  284 days 13 months + + + + +.+ +

90SrC12  5-10 years 13 months . . .

90Y FAPd 2.5 days 13 months + + +
9 1 Y FAP 53 days 13 months +.+ + ++

144Ce FAP 200 days 13 months +.+ + + + . . .

90Sr FAP > 500 days 13 months +.+ + + + . . .

144C. FAP = 200 days 3 months +.+ + + + . . .

14 4 Ce FAP = 200 days 8-10 years +++ + + . . .

"all polydisperse aerosols, except 137 CsCI which was given by intravenous injection.

bTracheobronchial lymph nodes.
'Relative magnitude of dose received.
dFused aluminosilicate particles.

c. Uniformity of Pulmonary Irradiatic, from an Inhaled Alpha-Emitting Radionuclide

To address the question of whether a nonurifcrm distribution of alpha radiation in the lung is more
carcinogenic than a uniform distribution, five life-span studies are being conducted using Beagle dogs that inhaled
either 238pu02 or 239Pu02 particles of different monodisperse sizes. A schematic representation of the experimental
design for these studies is shown in Figure 3, where each cube represents one dog. Five different aerosols have
been used, each resulting in particles with different levels of alpha-emitter radioactivity. For each aerosol, a
randomized block design was used for entering dogs on study, similar to that used for the beta-gamma dose-response
studies.

Twelve blocks of dogs were exposed to each aerosol to achieve graded ILB ranging from 0.37-2i kBq
Pu/kg body weight. Sixty control dogs were included, 12 for each aerosol. Two additional ILB levels of 93
and 8.5 Bq Pu/kg body weight were included for the studies in which young-adult dogs and immature dogs inhaled
239pu0, aerosols of 1.5-ym activity median aerodynamic diameter (AMAD). An ILB of 239Pu of 8.5 Bq Pu/
kg body weight in a Beagle dog is equivalent to a lung burden of 590 kBq Pu in a 70-kg human.

The informatico givn ;- Table 2 and in Figure 3 was used to calculate the initial dose rate averaged
over the total lung and the local dose rate around each particle, for each particle size and activity level shown
in Figure 4. With two different radioisotopes of plutonium and three different particle sizes, tle alpha activity
per particle and the corresponding, idealized local dose rate to a sphere of lung tissue with a radius of 180 ,am
(density = 0.22 g/cm 3) surrounding an individual particle varied by a factor of " 40,000. Also, the use of six
activity levels for each aerosol resulted in a difference of about a factor of 50 in the initial dose rate, averaged
over the entire lung. Thus, these five experiments permit comparison of the relative influences of both local dose
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rates and average dose rates in producing long-term biological effects. The average dose rate to the lung will
decrease with time after exposure, as plutonium is cleared from the lung. The local dose rate can either increase
or decrease as a result of particle movement, Aggregation, dissolution, or particle breakup in the lung.

lIS
___ K~q/kg

10.

2.6

0.37

E CONTROL

0.093

2'PUO2 ' o 0.0085

Figure 3. Schematic representation of thc. :xperime'ntal design for life-span studies involving young adult dogs
exposed to different monodispers;e Aerosols of 238Pu (90F6 )PuO, or 239puO,. Each cube represents one
dog entered into the experiment at :2-14 months of Age.

Table 2

Some Characteristics of Aerosol Particles Containing Pure Transuranic Alpha-Emitting Radionuclides

Activity (Bq) per Particlealb

Specific Activity AMAD" = 0.75 *m AMAD - 1.5;5 m AMAD - 3.0jurn
Aerosol (GBq/g) RDd - 0. 18 A&m RD - 0.44 gin RD = 0.96 gm

2 "Pu0 2  2.0 0.000049 0.00074 0,0074

241A.MO 2  110 0.0027 0.039 0.41

23pUO'2  560 0.014 0.20 2.1

24CMQA Z700) 0.066 0.96 10

24'CM0' 110,000 Z7 39 410

"Density of 8 was wsed for these c lcuatoris.. This is the measured density for 2MPuO 2 and' 241AMOZ
particles produced by standard methods at this Institute.

bflie 2-"3?u ;nsed at this Institute contained 10% 239Pu by weight. Th.s produced a speciric activity of
510 G139/1 and particle aclivitics of 0.013, 0. 18 and 1.9 Bcq. respctively, for 0.75-pm, 1.5. 5mn, and
3.0-sLm AMAD particles.

cAMADf)=Activity mwoan Aerodynamic diameter of rttonocdisperse particles (geomeitric standard
deviation < 1.2).
"1RD-.Real or geometric diameter of the particle.
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Figure 4. Calculated dose relationships for the five life-span studies involving dogs that inhaled monodisperse
aerosols of 238(90%)PuO, or "39PuO.,. Local dose rate was computed in a 180-im sphere of lung tisz;ue
(density = 0.22 g/cm3). "The calculation of average dose rate was based on a 1 10-g lung. Self-absorption
of alpha energy by the particles was negligible.

Inherent in the experimental design is a difference in the number of particles associated with a given ILB
level for each aerosol. The fraction of the lung irradiated can be estimated by assuming a spherical irradiation
volume of 2.4 x 107 ,Lm3 around each particle, and by determining how many of these volumes are present in
the volume of a I 10-g lung. Results of such a theoretical calculation are presented in Figure 5. When the number
of these irradiation volumes exceeds 2.1 x 107, the calculated fraction of lung irradiated exceeds 1.0. For values
> 1.0, some or all portions of the lung would be irradiated by the alpha emissions from more than one partic!e
of plutonium, even if the particles are assumed to be uniformly distributed in the lung tissue, and geometrical
considerations are ignored. Our experimental evidence suggests that inhaled particles are not uniforraly distributed,
but are randomly deposited in the lung. This random distribution indicates that theoretical calculations of the
fraction of lung irradiated are slight overestimates. All of the ILB levels for the exposures to 0.7 5-prm AMAD
particles of 239PuO 2 and for the upper four levels for the exposures to 1.5-,um AMAD particles of 239 puo 2 gave
calculated fractional irradiations > 1.0. The remaining 2"3PuO2 ILB levels and all of the 238PuO 2 exposure levels
resulted in calculated values < 1.0 for fractions of lung irradiated. Because of the overlap in fractions of lung
irradiated for the several different sizes of aerosols, the effects of local dose rate are being studied, while the
fraction of lung irradiated is held constant. To obtain more detailed dosimetric information, parallel studies have
been conducted in dogs and rodents exposed to 239puo 2 and 23 8PuO2 aerosols and serially sacrificed at selected
times after exposure. These studies have provided valuable data on the organ and tissue distribution of plutonium
with time after exposure.

The dogs in the originally planned five studies of different-sized aerosol particles of 23PuO2 and 238Puo 2
have all been exposed and entered into these studies. After the exposures were completed, we found that the
28puO 2 particles began to break up in the lung at about 100 days after exposure. This resulted in increased
solubility and translocation of 238Pu to bone and liver. Although some 238puo 2 remained in the lung, the dose
patterns to lung, liver and bone were altered from what was initially expected to occur. The 239puO, particles
did not undergo any observable breakup, presumably because of their lower specific activity. Although this unexpected
early dissolution of the 238puO2 particles changed the experimental design of the original study, important information
is being obtained on the toxicity of inhaled 233PuO 2. At the same time, the 23 9PuO 2.-exposed dogs are providing
information relative to the original hypothesis.
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Figure 5. Calculated numbers of particles and fractions of lung irradiated based on the sphere of irradiation associated
with each particle (2.4 x 107 Am3) and a determination of how many of these volumes could be contained
in the lung before overlapping occurred. Self-absorption of alpha energy by the particles is negligible.

Specific details on these studies are given below.

i. 238P'uO2 (Inhalation exposures performed froci 1973-1976)

Two studies were initiated with young-adult dogs exposed once, briefly, to monodisperse particles of
238puO2. These two studies used particles with aerodynamic diameters of 1.5 and 3.0 `Am, respectively. Each
study was comprised of 72 2381u-exposeA. dogs and 12 control dogs. The ILB ranged from 0. 11 to 37 k~q/kg
body weight in the 1.5,Am study and 0.37 to 55.5 kBq/kg body weight in the 3.0 `Am study. Although the particles
of 23•PuO 2 were initially quite insoluble, these particles fractured after several months in the body, leading to
decreased particle sizes and increased dissolution. Subsequent absorption of 238,pu into tht systemic circulation,
with translocation to other organ.5, resulted in the skeleton and liver becoming target organs, as well as the lung.

ii. 239p'uO, (Inhalation exposures performed from 1977-1979)

Three studies were initiated in which young-adult dogs were exposed once, briefly, to monodisper•e particles.
There were 48 dogs that inhaled 0.75 Am particles of 2,39puo2 96 dogs that inhaled 1.5 `Am particles of 2.39puo2

101

and 72 dogs that inhaled 3.0 `Am particles of 239p~uo2. Each study had 12 control dogs. The ILB ranged from
0.26 to 7.4, from 0.03 to 37, and from 0.22' to 74 k13q/kg body weii: ht for the 0.75 `Am, 1.0 ,am., and 3.0 A.m

" " ~studies, respectively. Because the inhaled 239pu0, remained in a very in~soluble form in the body, the lungs were

the main target organs in these studiesq.



d. Effects of Age

To examine the possible effects of age on the dose-response relationships for both a beta- and an alpha-
emitting radionuclide inhaled in a relatively insoluble form, additional life-span studies were conducted with dogs
that were either 3 months or 8 to 10.5 years old at the time of inhalation exposure. The two exposure aerosols
used, I44Ce-FAP and 239PuO 2 , will facilitate comparisons of results obtained with beta- and alpha-emitting
radionuclides with results obtained from the companion, young-adult studies listed above for the same forms.

i. 144Ce in fused aluminosilicate particles in immature dogs (Inhalation exposures
performed from 1972-1976)

This study involved 49 dogs that were exposed once, briefly, to 144Ce-FAP aerosols at 90 days of age
and fivecontrol dogs. The ILB of 144Ce ranged from 0.15 to 5,180 kBq/kg bodyweight. The lung and tracheobronchial
lymph nodes were the main target organs.

ii. 144Ce in fused aluminosilicate particles in aged dogs (Inhalation exposures performed
from 1972-1975)

This study involves 42 dogs thai inhaled graded activity levels of 144Ce-FAP when they were 8 to 10.5
years old and 12 control dogs. ILBs in these 42 dogs ranged from 88.8 to 2,780 kBqlkg body weight. The
main target organs were lung and tracheobronchial lymph nodes.

iii. 239puO 2 in immature dogs (Inhalation exposures performed from 1979-1982)

This study involves 96 dogs that inhaled graded activity levels of a 1.5 jm monodisperse aerosol of 239puO2
when they were 90 days old and 12 control dogs. The ILB ranged from 0.01 to 29 kBq/kg body weight. Lung
and tracheobronchial lymph nodes were the primary target organs.

iv. 239puo 2 in aged dogs (Inhalation exposures performed from 1979-1982)

This study involves 48 dogs that inhaled 1.5 gm particles of 239puo 2 when they were 8 to 10.5 years
old and 12 control dogs. The ILB ranged from 0.48 to 24 kBq/kg body weight. Lung and tracheobronchial
lymph nodes were the main target organs.

e. Effects of Protracted Exposure

Two studies were conducted to study dose protraction, one with a beta emitter, 144 Ce, and one with an
alpha emitter, 2 39pu.

i. 144Ce in fused aluminosilicate particles repeated exposures (Inhalation exposures
performed from 1973-1975)

This study involves 27 dogs that received a brief ;nhalation exposure to 14 4 Ce-FAP every 8 weeks for
13 exposures, and nine control dogs. The 27 exposed dogs were divided into three groups of nine dogs, whose
lung burdens of 144Ce were 1) increased by 92 kBq/kg with each exposure, 2) re-established at 333 kBq/kg, or
3) re-established at 165 kBqfkg body weight. In each case, lung and tracheobronchial lymph nodes were the main
target organs.

ii. 239puO2 repeated exposures (Inhalation exposures performed from 1977-1988)

This study involves 36 dogs that received a brief inhalation exposure to 239 puO2 every 6 months for
20 exposures. These 36 degs were divided into two groups, for which the exposure goals and numbers of dogs
were 1) lung burden increased 3.7 kBq every 6 months (12 dogs) and 2) lung burden increased 0.37 kBq every
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6 months (24 dogs). Another group of 24 dogs received an ILB of about 3.7 kBq in one brief inhalation exposure.
Twelve dogs served as controls. The singly exposed dogs and the controls were sham exposed 19 times. Lung
and tracheobronchial lymph nodes were the target organs.

3. Additional Approaches Beini! Used in the Life-Span Studies

Additional approaches to acquiring biological information related to the pathogenesis of alpha radiation-
induced lung disease have been implemented in animals in the ongoing studies. Because about 61% of the dogs
exposed as immature animals are still alive, these dogs are currently our most available population for studying
the mechanisms of radiation-induced lung cancer. Biologic materials from animals in this project are being used
in other projects, "Molecular Bases of Radiation-Induced Cancers* and "Mechanism of Radiation-Induced Cancer"
to achieve two goals: 1) to develop early biological indicators of lung tumor production, and 2) to elucidate
the mechanisms involved in alpha radiation carcinogenesis. Immunohistochemical and molecular techniques are
being used to determine the presence and extent of dysfinctional expressions within hyperplastic epithelial foci,
lung tumors, and exfoliated cells. For example, tissue samples are being used to measure oncogene amplification
and tumor-associated restriction fragment-length polymorphisms by Southern blot techniques. Mutations that activate
the Kirsten-ras proto-oncogene are being assayed by oligonucleotide mismatch hybridization and DNA sequence
analysis following amplification of the first and second exons of the Ki-ras gene using the polymerase chain reaction.
Immunohistochemistry is being used to assay for p53 tumor suppressor gene and Erb B-2 oncogene dysfunctions
and fluorescent in situ hybridization to score for chromosomal gains and losses. The resulting data will provide
clues to the sequence of gene dysfunction that lead to neoplastic transformation. Although these kinds of biochemical
and whole-tissue studies are being done in other orojects, the information obtained will form an integrol part of
the results from the studies in this project.

C. CURRENT STATUS OF ITRI STUDIES

1. General Overview

The current status of the 19 dog longevity studies at ITRI is presented in Table 3. Overall, about
7 percent of the total population of study dogs remained alive on September 30, 1991. Thirteen of these studies
have reached the point at which all of the dogs are now dead, and several others will soon reach this same point.
At the current time, our research effort related to these studies has three main foci: 1) continuation of the care
and study of dogs still alive in six of these studies, 2) use of biological specimens obtained at necropsy to develop
early biological indicators of lung tumor production and to study the under!ying mechanisms and 3) completion
of final reviews of biological specimens and the associated dosimetry data, compilation and analysis of data, and
preparation of final study reports for publication in the open scientific literature. When a study is fully completed
and submitted for publication, the study materials (slides, tissue blocks, etc.) records, and computer files will
be transferred to the National Radiobiology Archive at Richland, WA.

The brief reports that follow in Section I.C.2. give the current status of each longevity study in which
dogs remain alive. This section is followed ly a compilaton of pertinent references to previous animal reports
for all I I.studies in which all dogs are now dead (Section I.C.3.). These status reports are followed by a series
of progress reports that present current highlights related to the three main research areas.
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Table 3

Current Status of UIfe-Span Radionuclide Toxicology Studies in Beagle Dogs at the
Inhalation Toxicology Research Institute

(9/30/91)

Inhalation Dogs Number Number
Age at Radionuclide Exposure Entered Alive FY-1990 Alive

Inhalation and Form Year in Study 9/30/90 Deaths 9/30/91

12-14 mo. •SrCI 2  1965-1967 63 0 0 0
(young adult) 144CeC!3  1966-1967 72 0 0 0

91YC13  1966-1967 44 0 0 0

137csa 1968-1969 66 0 0 0

9°Y-FAP 1969-1971 101 0 0 0

91Y-FAP 1970-1971 108 0 0 0

144ce-FAP 1967-1971 126 0 0 0

'0Sr-FAP 1970-1974 124 1 1 0

238Puo 2 (1.5) 1974-1976 84 1 1 0
238PU02 (3.0) 1973-1976 84 0 0 0

239PuO 2 (0.75) 1977-1979 60 5 1 4

239Pu0 2 (1.5) 1977-1979 108 26 5 21

"39 pUO2 (3.0) 1977-1979 84 11 3 8

3 mo. 144Ce-FAP 1972-1976 54 .2 1 1
(immature) 239PuO2  1979-1982 108 72 6 66

8-10.5 yr. 144Ce-FAP 1972-1975 54 0 0 0
(aged) 239puO2  1979-1982 60 0 0 0

Began at 144Ce-FAP 1973-1975 36 0 0 0
12-14 mo. Repeated

23gPuO 2  1977-1988 72 13 7 6
Repeated

Total 1508 157 26 131

11



2. Summar Reomrti for Studies with Living Doin

a. Toxicity o; 9t Sr Inhaled in a Relatively Insoluble Form By Beagle Dogs. XiX.

Study Contact: M. B. Snipes

To deternine the health effects resulting from inhalation of 9OSr in a reltively insoluble form, Beagle
dogs were briefly exposed by inhalation to 9°Sr in fused o!uminosilicatL- particles and maintained for life-span
observations. One hundred and six dogs had ILB of 9Sr ; anging from 0.0044-3.5 MBq/kg body weight (0.12-
96 uCi/kg). Eighteen control dogs inhaled fused aluminosilicate particles. Thc initial 12 blocks of dogs were
exposed in 1970 and 1971. The last six blocks of dogs were exposed to lower concentrations of 90St in 1974,
when it was recognized that many of the dogs initially e'-posed died of radiation pnewnoflitis or hemangiosarcomas
of the lung within 3 years after inhalation exposure. Specific details on the experimental design of the study,
and the metabolism, dosimetry, and biologic effects of inhaled 90Sr are presented in previous annual report.- from
the Institute, particularly in LF-44 (1970-71), LF-52 (1974-75) and LF-91 (1980-81).

Annual summaries for this study, including a synopsis of pathology findings for each dog that died, have
been included in each annual report since LF-44 (1970-71). T7.e current status of this study is shown in the expc.;.,ental
design chart given in Figure 6. Exposure information, dosimetry results, and major findings at death, are givsi
for each dog in Appendix A. Survival data arz summarized in Figure 7. A summary of the major findings at
death is given in Table 4.

During the past year, the last living dog in this study died. Dog 762T, a female control, was found
dead 6025 days after inhalation exposure to the vector aerosol. This dog had several minor clinical problems
during its lifetime. Included were three complex mammary adenocarcinomas, a simple solid mammary carcinoma,
three complex mammary adenomas, a benign mixed mammary tumor, and an oral malignant melanoma of the
spindle cell type. An ovariohysterectomy was pe.-for-,ed about 2 years prior to death. Uterine lesions consisted
of moderate, cystic, endornmetrial hyperplasia and focal adenomyosis. Ovarian lesionsconsistedof bilateral parovarian
cysts and a unilateral (left) benign granulosa cell tumor. Right heart enlargement was noted 6 months prior to
death. Hematuria was noted about 5 months prior to death.

At necropsy, dehydration, mineralization of coronary and splenic arterioles, osteopenia, chronic pyelonephritis,
and chronic papillary necrosis were all consistent with a primary cause of death of renal failure associated with
chronic, moderate, pyelonephritis with mild nephrocalcinosis. Chronic passive congestion in the liver suggested
right heart failure but ascites and clinical liver failure weie not present nor were there gross or microscopic lesions
in the right side of the heart. Moderate arteriosclerosis (amyloidosis) of arterioles was noted in the pulmonary
vasculature, and it is speculated that right heart enlargement and decreased function was secondary to pulmonary
hypertension. A focal scar, most likely a healed infarct, was noted grossly in the left ventricular myocardium
and potentially related to focal intimal hyperplasia in an extramural coronary artery and multifocal mineralization
of coronary arterioles. A solitary papillary pulmonary alenocarcinoma of the right apical lung lobe was an incidental
finding.
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Table 4

Summary of Major Findings at Death in Dogs Exposed by Inhalation to 90Sr
in Fused Ajuminosilicate Particles (Status as of 9-30-91)

ILBa Survival Times Cumulative

Number (MBq 90Sr/kg (Days after Radiation Dose
of Dogs Body Weight) Exposure) to Lung (Gy)

n0r-Ex2ose

Non-Neophsia

Lung 35 .0096-3.6 159-2925 10-990

BOm, Marrow 0 - - -

Uver 0 - - -

Other 4 .0044-.17 3412-4958 6.2-140-

Neoplasis

Lung Injury with Lung Neopluia 0

Lung 30 bcds .030-1.3 644-5296 44-720

Nv4t Epithelium 1 .31 2496 310

TBLH 12C .0056-.28 1807-4274 7.7-310

Heart 140 .056-.63 1461-3594 85-580

Bone Id .34 2753 360

Bc, .Marrow 0 ....

Liver 4 .0044-.10 2301-4774 5.5-110

Oth0 job .0056-.29 1683-4824 5.7.310

Non-Neoptlias

Lung 2 - 4375,5372

Bone Maow 0 -..-

Liver 0 - - -

Other 3f.. 2558-6025

Neoplasi.

Lung Injury with Lung Neoplasia 0 ...-

Lung 3( .. 3680-6025

Nisal Epithelium 0 .....

TBLN 0 -..-

Heart I .1 4076

Bone 0 .....

Bone Marrow 0 .

Liver -1 3859

O1her 9 -- 3534-5407

"ILB-Init;al Ding Burden
b4e dog had an hemangiosarmoma, site undermined, and a pulmon•rj adenoma.
CTwo dogs hid TLIBN rn I lung turmors.
done dog had bowe and lurg tumors.

*noe dog bad heart and lung tumorS.
fOae dog had lung carminoma and pyelonerhritis.
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b. Toxicity of Inhaled 2-38PuO 2 in Beagle Dogs. XVII:

i. Monodisperse 1.5 Am AMAD Particles.

ii. Monodisperse 3.0 Am AMAD Particles.

Study Contact: B. A. Muggenburg

This study is part of a larger investigation of the potential effect ofdifferent alpha-radiation dose dist,ibutions
in the lung and other organs upon the biological effects produced in Beagle dog. Young-adult dogs of both
sexes inhaled one of two sizes of monodisperse aerosols of 23-PuO2 resulting in graded levels of 2J3Pu in the
lung. All of the dogs have been studied for their life spans. Seventy-two dogs ia/uled monodisperse, 1.5 Am
AMAD aerosols of 238PuO 2, and 72 dogs inhaled monodisperse 3.0 ,Am AMAD aerosols. The ILB of 238pu
ranged from 37 to 0.11 kBq/kg body mass (1.5 jam) and 55.5 to 0.37 kBq/kg body mass (3.0 jAm). In addition,
24 dogs inhaled the aerosol vector only and served as controls, 12 for each petfide size. The exposures took
place from 1974 to 1976. Specific details on the experimental design of the Andy, medical evaluation of the
dogs, and the metabolism and dosimetry of 234Pu are presented in previous sanual reports, especially the 1972-
1973 Annual Report, LF-46, pp. 1-9 and 78-80; 1973-1974 Annual Report, LF-49, pp. 140-144; 1976-1977 Annual
Report, LF-58, pp. 122-134; and 1978-1979 Annual Report, LF-69, pp. 9-13 and 122-133. The biological effects
have been presented as descr;ptions of the clinical-pathology findings for each dog in the annual report for the
year in which the dog died. Annual summaries for this study have also been included in all annual reports, from
1974 to the present.

Experimental designs for this study are shown schematically in Figures 8 and 9. Exposure information,
dosimetry results, and major diseases at death are given for each dog in Appendix A. Survival data for dogs
in this study are summarized graphically in Figures 10 and It.
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Major findings for all dogs in these studies are given in Tables 5 and 6. The last living dog, which

had been exposed to a 1.5 Am aerosol of 2-'Pu0 2 , died during the past year. Dog 858A, a male, was euthanized

with liver failure 5589 days after an inhalation exposure resulting in an ILB of 0.74 kBq per kg body mass. Several

minor clinical problems were noted during the dog's lifetime. These problems included spondylosis, bilateral

degenerative joint disease of the hips and elbows, a lingual fibropapilloma. a perianal squamous cyst, two episodes

( f tachypnea, radiographically increased pulmonary interstitial markings, and a slowly progressive heart murmur.

Increased numbers of band neutrophils were noted about 16 months prior to death. Mild azoteima and mild anemia

were noted about 3 months prior to death. The terminal illness resulting in euthanasia was manifested as lateral

recumbency, anemia, thrombocytopenia, hyperglycemia. azotemia, hypoproteinemia, hyperbilirubinemia,

hypocalcemia, and elevated liver enzym'es.

At necropsy, the dog had myeloproliferative disease with involvement of the liver, spleen and multiple

lymph nodes. The disease was manifested as marked. myeloid hypercellularity, a maturation arrest in the myeloid

eries, increased numbers of marrow blast cell, rnegakar-yocytic hyperplasia. and increased numbers of immature

megakaryocytes. Secondary to the tumor was a severe, multifocal and coalescent hepatic necrosis that resulted

in the liver failure which produced most -f the observed clinical signs. The anemia noted clinically was considered

a myelophthisic anemia. A few th•on'bi were noted in vestels and sinusoids, and the thrombocytopenia noted

clinically cou!d be explained both by increased platelet consumption and decreased production in the neoplastic

"marrow. Renal failure noted clinically was attributed to the combined effects of moderate, multifocal,

mesangioproliferative glomerulonephritis; mild, chronic pyelonephritis; and moderate bilirubinuria nephrosis. The

slowly progressive heart murmur was attributed to moderate endocardiosis of the left atrioventncular valve. Incidental

neoplasms included a thyroid follicular adenoma. Mild, multifocal, fibrosis of the lung may have been tieatment-

associated.
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Table 5

Summary of Major Findings at Death in Dogs Exposed by Inhalation to Aerosols of
Monodisperse 1.5 jm Particles of 238PuO2 (Status as of 9-30-91)

ILBa Survival Times Cumulative
Number (kBq 238Pu/kg (Days after Radiation Dose
of Dogs Body Weight) Exposure) to Lung (Gy)

238 Pu-Exnosed

Non-Neoplasia
Lung 5 b 0.74-37 536-4536 3.8-74

Bone Marrow 0 - - -

Liver 0 - - -

Other 7 b,' 0.11-14 1104-5123 0.20-35

Neoplasia
Lung Injury with Lung Neoplasia 1 30 1107 47

Lung 13e,d,f 0.37-32 1245-5458 0.4-54

Nasal Epithelium 0 - -- -

TBLN 0 - - -

Heart 0 - - -

Bone 46 d,* 0.37-37 1165-4761 1.3-54

Bone Marrow 0 - - -

Liver 7 ,fs 0.37-6.7 2416-5042 0.8-11

Other 8g'h 0.37-10 3131-5694 0.3-7.8

Non-Neoplasia
Lung 0 .- -

Bone Marrow 0 - -

Liver I - 3816 4

Other 5 - 820-5546

Neoplasia

Lung Injury with Lung Neoplasia 0 - -

Lung 2 - 4235,4746

>T..,asal Epithelium 0 -.
TBLN 0 ....

Heart 0
Bone 0 ....

Bone Marrow 0

Liver 0 .

Other 4 4,-- 54-5879
'ILB-Initial lung burden based on whole-body counting of 169 yb.
bone dog h.ad pulmonary injury and immune hemolytic anemia.

COne dog had a lung tumor and disc protrusion.
dEight dogs had lung and bone tumors.

eThree dogs had bone and liver tumors.
fOne dog bad lung and liver tumors.
&One dog had a liver tumor and gingival neoplasia.
bOne deg had myeloproliferttive disease.
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Table 6

Summary of Major Findings at Death in Dogs Exposed by Inhalation to Aerosols of
Motodisperse 3.0 ;m Particles of 23'Puo 2 (Status as of 9-30-91)

1LBa Survival Times Cumulative

Number (kBq 23Spt/kg (Days after Radiation Dose
of Dogs Body Weight) Exposure) to Lung (Gy)

Non-Neoplasia

Lung 4 0.74-56 631-4848 4.1-92

Bone Marrow 0 - - -

Lver 0 - -

Other 110,f 0.37-3.3 1525-5788 0.3-3.7

Nooplasia

Lung Injury with Lung Neoplasia 2 19,30 966,1683 35,74

Lung 2 1bd,e,f 0.37-34 1181-5783 0.30-58

Nasal Epithelium 0 ....

TBLN 0 - -

Heart 0 -...

Bone 45 b,C 0.74-34 1125-4815 1.0-53

Bone Marrow 0 -. -

Liver IQ 1.5 3566 4.0

Other 4d 0.74-1.5 3043-4950 1.0-4.3
Control

Non-Neoplasi*

Lung I - 4626

Bone Marrow 0 .-.

Liver I - 5453

Other 5 - 1527-5410 --

Neoplasia

Lung Injury with Lung Neoplasia 0 ...-

Lung 0 .

Nasal Epithelium 0 - -

TBLN 0 - -

Heart I - 4141

Bone 0 -..

Bone Marrow 0 - -

Liver 0 -..

0.h"r 4 - 2903-5194
alLB-Initial lung burden based on whole-body counting of 169Yb.
bTwelve dogs had bone and lung tumors.
COne Jog had bone and liver tumors.
dOne dog had lung and mammary rumors.

0One dog had ankylosing spondylosis and lung adeoocarcinoma.
fore dog had disc protrusion and lung carc-inoma.
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c. Toxicity of Inhaled 239puo 2 in Beagle Dogs. XIII:

i. Monodisperse 0.75 pm AMAD Particles.

ii. Monodisperse 1.5 pm AMAD Particles.

iii. Monodisperse 3.0 pm AMAD Particles.

Study Contact: F. F. Hahn

Studies of the long-term biological effects of29 Pu are being conducted because P9pu is a major radionuclide
in most nuclear fuel cycles and in the production of nuclear weapons. These studies also directly investigate the
importance of uniform vs. non-uniform alpha irradiation of the lung. Young-adult dogs of both sexes inhaled
one of three sizes of monodisperse aerosols of 239PuO 2; 0.75, 1.5, or 3.0 pm AMAD. Forty.-eight dogs were
exposed to 0.75 pm AMAD particles; 96 were exposed to 1.5 pm AMAD particles; 72 were exposed to 3.0 pm
AMAD particles; and 36 dogs were exposed only to the aerosol vehicle. The initial pulmonary burdens ranged
from 0.03 to 74 kBq/kg body mass. To assess the plutonium activity initially deposited in the lung, a short-
lived, gamma-emitting radionuclide, 169Yb, was incorporated into the PuO2 aerosol, and whole-body counts were
performed up to 120 days after exposure. A description of the 169Yb counting technique for estimating initial
pulmonary burdens of plutonium was reported previously (1979-80 Annual Report, LMF-84, pp. 132-140). The
methods used to prepare the monodisperse aerosols and the aerosol exposure procedures were described in the
1976-77 Annual Report, LF-58, pp. 135-138. The experimental design charts in Figures 12-14 .-how the present
status of these studies. The dogs in these studies are being maintained to study the biological effects that may
occur throughout their lives, and the procedures for health evaluations of these animals have been described (1978-
79 Annual Report, LF-69, pp. 134-140).
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Figure 14. Experimental design for dog study with 3.0 ,om AMAD monodisperse particles of 239Puo 2 (Status as of
9-30-91).
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Descriptions of the major clinical and pathology findings for each dog have been included in the annual
report for the year in which the dogs died; survival data are summarized in Figures 15-17. Exposure information
and dosimetry results for each dog are given in Appendix A.

During the past year, 9 dogs died: four were dogs exposed to the 1.5 /m AMAD particles; two were
dogs exposed to the 3.0 Am particles; and three were control dogs exposed to the aerosol vehicle. Summaries
of the major clinical and pathological findings are presented below. As of September 30, 1991, 200 exposed
and 19 control dogs from these three studies have died. The major findings at death from all of these dogs are
summarized in Tables 7-9. We continue to observe the 16 plutonium-exposed dogs and 17 control dogs that
remain alive at 13-to-15 yr after exposure. .

Four dogs that inhaled 1.5 Am AMAD aerosols of 239PuO 2 died during the past year. Fourteen dogs
that inhaled 239puO2 in this size aerosol remained alive on September 30, 1991.

Dog 1097A, a male, was euthanized 4643 days after an inhalation exposure that resulted in an ILB of
0.23 kBq per kg body mass. The dog had several clinical problems during its lifetime. A moderate to marked
pulmonary interstitial infiltrate was noted twice, and a mild increase in pulmonary interstitial markings was noted
once. Because of confirmed hypothyroidism, the dog was placed on synthroid 60 months before death. Cardiomegaly
was first noted about 41 months before death. About 30 months before death, the dog developed a transient episode
of hemorrhagic enteritis. Renal disease, noted 4 months before death, was persistent. The terminal illness began
with the notation of a lung tumor about 8 months before death. The pulmonary neoplasm grew progressively
and resulted in euthanasia.

At necropsy, a primary, papillary adenocarcinoma was found in tLe right diaphragmatic lung lobe. The
adenocarcinoma metastasized within the right diaphragmatic lung lobe, and a papillary adenocarcinoma of the right
cardiac lung lobe was also considered a metastasis. A papillary adenocarcinoma of the left apical-cardiac lung
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Table 7

Summary of Major Findings at Death in Dos Exposed by Inhalation to Aerosols of
Monadisperse 0.75,um Particles of 39PuO 2 (Status as of 9-30-91)

ILB5  Survival Times Cumulative
Number (kBq 239Pu/kg (Dcya after Radiation Doze
of Dogs Body Weight) Exposure) to Lung (Gy)

Non-Neoplasia
Lung 7 0.7-7.4 891-4526 6.0-41

Bone Marrow 0 - - -

Liver 0 - - -

Other 1 2.0 2007 15
Neoplasia

Lung Injury with Lung Neoplasia 10 2.0-6.7 1467-2741 13-31
Lung 2 6 bc.,d 0.22-5.6 1961-4618 2.0-26
Nasal Epithelium 0 - - -

TBLN 0 - - -

Heart 0 - - -

Bone 0 - - -

Bone Marrow 0 -...

Liver 0 - - -

Other 7b,c,d 0.30-5.6 1961-3970 2.8-23
Control

Non-Neoplasia
Lung 2 - 3349,4375 -

Bone Marrow 0 .-

Liver 0 - - -

Other 5 - 1893-4977 -

Neoplssia
Lung Injury with Lung Neoplasia 0 .-..

Lung 0 -...

Nasal Epithelium 0 -...

TBLN 0 ....

Heart 0 -...

Bone 0 -...

Bone Marrow 0 -...

Liver 0 .-...

Oher I - 3609 --

SILB=lnitial lung burden based on whole-body counting of 169 Yb.
bo0 e dog had a lung turn,.. and a brain meningioma.
cOne dog had a lung tumor and a fibrosarcoma in the mediastinum.
done dog had a lung tumor and a muscle fibrosarcoma.
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Table 8

Summary of Major Findings at Death in Dogs Exposed by Inhalatios to Aerosols Gf
Monodisperse 1.5 ;Am Particles of '-gPuo 2 (Status as of 9-30-91)

ILRa Survival Times Cumulative
Number (kBq 239Pu/kg (Days after Radiation Dose
of Dogs Body Weight) Exposure) to Lung (Gy)

Non-Neoplasia

Lung 34b 1.6-37 152-3068 5.6-59

Bone Marrow 0 - - -

Liver 0 - -

Other 3 0.i5-0.56 1109-4430 1.5-4.3

Neoplasia

Lung Injury with Lung Neoplasia 19 0.63-15 1333-3945 4.9-49

Lung 16c 0.15-7.0 2340-5309 1.5-51

Nasal Epithelium 0 - -

TBLN 0 - -

Heart 0 - - -

Bone 1 0.85 4860 7.1

Bone Marrow 0 - - -

liver I 0.48 4516 0.40

Other 10b,c 0.067-3.7 973-5309 0.55-15
Control

Non-Neoplasia

Lung 0 - --

Bone Marrow 0 - -

Liver 0 ...-

Other 3 - 4342-5216

Neoplasia

Lung Injury with Lung Neoplasia 0 ...-

Lung 0 ....

Nasal Epithelium 0 .....

TBLN 0 - -

Heart 0 ...-

Bone I -- 3472

Bone Marrow 0 - -

Liver 0 ..-.

Other 1 4- 4503 --

'lE.B-"Initial lung burden based on whole-body counting of 169Yb.
"bOne dog had lung injury and a Uidney carcinoma.
'One dog had lung carcinoma and laryngeal carcinoma.
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Table 9

Summary of Major Findings a Death in Dogs Exposed by lnhalation to Aerosols of
Monodisperse 3.0 jAm Particles of 239Pu0 2 (Stats as of 9-30-91)

ILBa Survival Times Cumulative
Number (kIq 239IN/kg (Days after Radiation Dose
of Dogs Body Weight) Exposure) to Lung (Gy)

Non-Neoplasia

Lung 29 3.7-74 105-1658 24-77

Bone Marrow 0 - - -

Liver 0 - - -

Other 24 0.41.0.52 4397,5227 4.3,5.6

Neoplasia

Lung Injury with Lung Neoplasia 10 2.2-16 1355-29W0 13-84

Lung 2 8bc 0.37-13 1108-5227 3.9-85

Naa Epithelium 0 - - -

TBLN 0 - -.

Heatl 0 - - -

Boo* 0 - - -

Bone Marrow 0 - - -

Liver If 0.85 4355 9.4

Other 2 0.22,1.5 2871,4536 2.5,13

Non4leoplasia

Lung 0 ...

Bone Marrow 0

Liver 0 --

Other 3 - 1950-4971

Neoplasia

Lung Injury with Lung Neoplasia 0 ...

Lung 0 ...

Nasal Epithelium 0 .

TBLN 0 . ...

Heart 0 ..

Bone 0 . ....

Bone Marrow 0 ..

Liver 0 .....

O•.hcr 3 -- 4473-4587
atLB- Iiti]l lung burden based on whole-body counting of 169 Yb.
bOne dog had lung anrd liver tumors.
cOne dog had congestive heart failure and lung caevinoma.
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lobe was considered primary, but incidental. A unilAteral, adrenal, cortical carcinoma metastasized to the left
diaphrtagmatic lung lobe. Plutonium-wosociated lesions included nmarked atrophy of the tracheobronchial lymph
node and multifoc&l, moderate, pulmonary interstitial fibrosis with associated alveolar epithelial Cell hypertrophy
and hyperpla~sia and mild infiltration of mononuclear inflammatory cells. Clinical hypothyroidism was attributed
to marked thyroid atrophy and mild, lYmphoplasmacytic thyroiditis. Clinical renal disease was attributed to moderate,
chronic pyelonephritis.

Dog I1130S, a femaule, was found dead 4430 days after an inhalation exposmr which resulted in 11.B
of 0. 15 kBq/'kg body mass. This dog had few clinical problems during its lifetime. Radiographically, increased
interstitial markings were noted in the lungs four times. The dog had clinical hypothyroidism which was confirmed
72 tmo before death. Spondylosis was present at C6-7, T 12-13, L1-2, and L..On tie day of death, the dog
was dyspneic and tachypneic.

At necropqy, abundant fluid was in the thoracic cavity and contained frequent bfownish-yellow granules
(*sulfur granules*) consistent with infection due to Not-ardia or Actinortycrer. Pulmnarwy lesions were manife~sted
as moderate, chronic-active, septic pleuropneumonia characterimed by moderate to marked, proliferative pleuritis;
interstitial pneumonia-, and pyothorax. A focus of adenomatious hyperplasias was notedJ in the left disphragb'mlmic
lung lobe. Moderate atrophy of the tracheobronchial lymph node was considered expiosure related. Clinical
hypothyroidism was Attributed to -severe. idiopathic thyroid atrophy.

Dog 977D, a male, was found dead 5309 days4 after an inhalation exposure that resulted in an ILB of
0. 15 kBqI per kg body mass. Clinically. a few minor problems were noted during the dog's lifetime. These
included decreased renal function which mvxi noted 24 muw before death. The dog also had degenerative joint disease
which involved both hips and the left elbow. Spondylo'.is and rarrowed disc spaces *ere noted at C6ý7, T13.
L,. and L1 1,. The terminal illness presented 23 days before death with clinical .141M of anorexia, tachypnes,
and moist lung sounds.

At necropsy, all lung lobes; werc heavy, dark red. wet, and coinsolidated. Approxinsately 300 ink of
serosanguineous fluid were in the thoracic cavity. Mi.croscopically, a metastatic papillary aidenocaretnomna wast
found in the lung, tracheohronchial lymph node. medixstinal lymph noqkc, sternal lymph node. hepatic lymph node.
lanica mutcula,-it of the esophagus, and vertebrae. The mixtastaiic adenocarcinoma was4 consisent with A ntOplasni
of pulmortury origin, but the primary was not found. In the larynx, a papillary neopla-smrprotnided into the airway
lumen from the %talk i~f the cpiglottis and undoubtedfly contributed 14o respiratory tailurein this dog. SfikroscopicAllY,
the laryngeal Re pls a jriscl trio Rnal lesions i ncludedI muIlti focal, mniknlrate g lnriculoneph niti';
a fibroma: and multifocal. mild, chronic pyeloncprlint-. These renal lesions were conisidercd rr'pon~ihlr. for the
decreased renal function noted clin!cally.

Dog 1022V, a femak, was% tound dead 49f)9 days after An inhalation espos~ure that resulted in 118 oif'
0.026 kflq per kg Nssdy masss. A few minoir ktinical prohlem% were noted diiring the h~lifetime. Lecukilpenis suid
polycythemia were o:kasiotiallv obsered And spon&,Nosi% developed a% the diig iged. Tat'isrnea. sbich w4as
first observed 112 mo before death. waxs returrent. An ins riAsed in~tersitl~lA tUn., Pattern was first seen shout
56 muo before dleAth, and right-sided CArdiiM~gAlY wkas first noted jihiu 55 nv before dvkath.

At necropsy. approximately 500) nil% *f fluid %ere in th( thorasic :as ity. ansI the fluid wans eiiniderrd
responsible for itexth by te'pirat.)ry fAilure. The h.sdrntýI`biAA% wks oSindAry liiiohstrustfit of pulonarv 1 lmrhAliic
by tumor emiholi oitr.iniating front a simple. uJid A~rkwt;onu of the left ýrAiAl n-ummarv hNim. The mar"niUrv
cArc finomA hidl 11se~tAmst.sed to the ste~rnal I ' ynph n(Xis- M - Atefrophy iif the 1trAhc%+brin'.hiAl l~nmph ntxle
W3S considered rvlated to 23t"PuO.. A pituitAry hron-wphoh 'b .dcnorm And A Ph.114 nMK i"r't 'lIkUlAr Advnoou11
were con-'ifterud ino dt-ritl due to the Abwmne of A-s',isAtvd fini-al Ig~ns.

Twit div thit inhiled '3"PuO, in 3ptni AM Al *- s-'ls dwd dot toe the p.4st %ear. Twit does extosed
to this sim aerosol %&M.- AiV-C on Sc-ptvemf-sr 31). 1991



Dog 1139S, a femnale, was euthanized with heart failure 4397 days after an inhalation exposure which
resulted in an ILB of 0.52 kBqfkg body matss. Non-progressive radiation pneumonitis/pulmonary fibrosis was
first noted more than 48 mo before death. A grade 111/ VI heart murmur was first detected 41 days after the diagnosis
of radiation pneumonitis. An episode of liver disease manifested as leukocytosis with concomitant elevation of
SAP, SGPT, and bilirubin developed approximately 36 mo before death. Heart failure developed 277 days before
deaith and ..-os progressive. Euthanasia was performed because of uncontrollable ascites.

Necropsy findings were consistent with death due to heart failure. Cardiac alterations were manifested
as bilateral ventricular dilation, a *jet lesion' on the right AV valve, and alterations of mnyocartdial structure classified
as dilatative cardiomyopathy and characterized by disorganization, anisokaryosis, degeneration, and steatosis of
the myocardium. Ascites was considered secondary to right-sided heart failure. Pulmonary man ifestat ions of
left-sided heart failure were consistent with chronic cardiogenic edema but somec of the interstitial fibrosis, alveolar
epithelial hyperplasia, and squamnous metaplasia was considered exposure related. Severe atrophy of the tracheobronchial
lymph node was typical of 239PuO 2 exposure. A benign granulosa cell tumor was in an ovary and a complex
tubular ade-nocarcinomfa was in the L-2 mammary gland. Consistent with the history of prior liver disease, the
liver had mild, telangiectasia, and moderate, biliary hyperplasia with frequent interstitial fibrosis which sometimes
progressed to bridging fibrosis.

Dog 9638, a male, was found dead 5227 days after an inhalation exposure that resulted in an ILB of
0.41 kBq per kg body mass. The dog had a long clinical history of heart disease manifested as cardiomnegily
and a heart murmur of increasing severity. The third digit of the right front foot was surgically amputated 36
mo before death as a result of chrenic-active inflammation. Multiple skin masse. were removed 24 mo before
death and included multiple foci of adenomatous hyperplasia and two sebaceous adenomas. A lipomia was remoitved
from the sternum 12 mao before death. Spondylosis of T11-12, T13 -Lt, and L. and a mediastinal density were
noted 102 days before death. The dog developed ascites% 10 days before death. The BUN was elevated the following
day.

At necropsy, the dog had muhtiple manifestations of heart failure. These included ascites. hydrothorax.
chronic passive congestion of the liver, cardiomegaly. moderate endocardiosi% of the left and right atrioventincular
valves, and a chronic right vtntricular infarct. Diseawes contributing to the impairment of ga% exchange were 1)
moderate, pulmonary interstitial fibrosis with associated alveolar epithelial cell hypertrophy and hypetrpasia and
alveolar histiocytosis (consistent with radiation pnecutaionitis); And 2) a primary pulmonary adncarit-cinoma of the
left diaphragmatic lung lobe with metasta~sis to the right cardiac lung lobe. Severe atrophy was in the tracheubronchial
lymph node and was typical of 234PuO 2 exposure. 5n adenomat of the ptirs internedia was in the pituitary,

Three dogs that served as controls for these studies died during the past year. As of September 30, 1991,
17 control dogs remained alive in the, three studies- of 23'PuO 2 in young adult dogs.

Dog 11111D, a male control, was euthani7L-d 4375 days after inhalation exposure to the vector aerosol.
Persistent tachypnea was first noted 96 mau before death. An increase in the interstitial lung pattern was first
noted approximately 72 im before death. The dog was diagnosed with bronchitis I I dayt before death. Thrve
days later, the dog was found to have a hil-teral pulmonary infiltrate, cardiomewgaly, and a mass in the left apical
lung lobe. The dog was euthaniz~ed after he failed to re-spo.nd to antibiotic therapy.

At necropsy, the dog had a collapsed trachea; moderate, chronic -active tracheiti% with focal ssjuanmus;
metaplasia and MUltif(cAl ulceration: bronchiectasia; And marked, chronic-active bronchopnicurio~niA with %sncVtIA
formation and bronchiolifiv ob'burerns. LeAsion% secondary to the hrom~.-opieumonimA includcd dilAtion of the right
ventricle of the heart, eversion of the sac~ulus lhurynris, hyp-erpliisia of the mycloid %cries of the bnme rnirrow',
and suppurative lymphAdenitis of multiple lymph nodes.

Dog 1010A, a male control, was euthanized with seizures 5216 days after cxspo~ute to the vec:tor acros&l.
The dog had several minor clinical problems during its lifetime. These include-d a transiently elevated Wil"T more
than 120 ma be-mfore death. A mildly elevatedJ BUIN was noted twice, 60 mo and 12 mo befoire de-_athý ý./)',ari
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murmur was noted approximately 45 mo before death. Dental disease was also present. The dog suddenly developed
status epilepticus 2 days before death. Because seizures recurred each time the dog recovered from treatment-
associated anesthesia, the dog was euthanized.

At necropsy, an astrocytoma of the anterior left cerebrum was considered responsible for the seizures.
An anaplastic focus in the prostatic urethra was interpreted as an in situ and invasive transitional cell carcinoma
of the prostatic urethra.

Dog 999T, a fema!e control, died 4972 days after exposure to the vector aerosol. The dog had a few
clinical problems during its lifetime. These included medial patellar luxation, degenerative joint disease of the
left stifle, a grade I1-IlM/VI systolic heart murmur, spondylosis of T23 -LI, L,.1, L.-SI, and herniation of an
intervertebral disc at L2.3. Glaucoma was noted in the right eye 9 mo before death. The right eye was enucleated
43 Jays later, and an ocular malignant melanoma was found on histopathologic examination. Radiographs suggested
the presence of a pulmonary nodule 13 jays before death. The dog was anesthetized for follow-up radiographs
on the day of death, anesthetic recoverr.,, 'a.; difficult, and the dog was found dead later that day.

At necropsy, the immediate cause of death was attnbuted to acute, fibrinosuppurative bronchopneumonia.
consistent with aspiration pneurmonia, which was primarily localized to the lft cardiac lung lobe. The ocular
malignant melanoma had produced widespread metastases which undoubtedly predisposed this dog to aspiration
pneumonia. Metastases were found in the lung, liver, pancreas. kidney, ovary, tracheohronchial lymph node,
sternal lymph node, femur, vertebra, rih, adrenal gland, and pituitary. A granulosa cell tumor was in one ovary,
and solid end microfollicular adenomais were in the left thyroid.
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d. Toxicity of 144Ce Inhaled in a Relatively Insoluble Form by Immature Beagle Dogs. XX.

Study Contact: B. B. Boecker

Immature Beagle dogs (3 mo old) received single, brief inhalation exposures to 144Ce in fused aluminosilicate
particles as parn of the ITRI studies on the effects of age at exposure on the resulting dose-response relationships,
and are being followed for life-span observations. The study is comprised of 49 dogs that inhaled graded levels
of 144Ce, resulting in ILB that ranged from 0.00015-5.2 MBq/kg body weight (G.004-140 ACifkg), and five control
dogs that inhaled fused aluminosilicate particles without 1

44Ce. The exposures took place in 1972, 1973 and 1976.
Specific details %.i experimental design considerations, metabolism and dosimetry of the inhaled 144Ce, and early
occurrinr, biological effects were presented in previous annual reports from this Institute, especially in LF-45 (1981 -
1972), LF-4.6 (1972-1973), and LF-49 (1973-1974).

Annual summanries for this study have also been included in all other annual reports to the present time.
The current status of this study is shown in the experimental design chart given in Figure 18. Exposure information
and dosimetry results are given for each dog in Appendix A. Survival data for dogs in this study are summarized
graphically in Figure 19. During the past year, one '"4Ce-exposed dog died. A summary of the major clinical
and pathological findings is presented beow. As of September 30, 1991, 48 '"4Ce-exposed dogs and all five
control dogs have died or have been euthanized. A summary of the major findings in these dogs at death is given
in Table 10. Observations continue on the one 144Ce-exposed dog remaining alive at about 15 yr after exposure.
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Figure I1S. Expericental design for studying the effects of _Ce in fused alulminosilicate particles inhaled by
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Figure 19. Relationships between ILB of of 144CC And survival time! for Beagle dogs that inhaled 144CC in fused
aluminosilicate particles when they were immature (3 mo old) (StAtus as of 9-30-91),

Dog 101 8U. a femnale, was found dead 5390 days after exposure to an aerosol of 144Cc in fused aluminosilicate
particles that resulted in an ILB of 0.037 MRq per kg body mass. The dog had several minor clinical problems
during its lifetime. These included three episodes of leukocytosis, an episode of rhythmic asystole. endometritis,
and spondylosis of the C67, and L3 4, vertebrae. She had an inguinal hernia repair performed 139 days prior to
death, and a tooth extraction was performed 72 days prior to death. Seizures were noted twice, at I I days and
19 mo prior todeatli. The day be fore death. the deg had azotemi a. hy perphosphatemia. hypocalctemia. hypoalbumi nei'lia.
incre asd serum ereatinine, increased serum alkaline phosphatase. and leukocytosis. A grade IV/VI heart murmur
appeared suddenly the day before death.

At necropsy, the dog had moderate. diff'use, fibrinosuppurative. interstitial pneumnonia with fihrinosuppurative
alveolitis. The dog also bad moderate, nonsuppurauive. interstitial nephriti s, which was considered the prinary
cause of death. Debilitation. hypoalbuminemia, hyperphovphatemla. and uremia most likely predisposed this dog
to the development of interstitial pneumonia, Decreased cardiac function was considered a major contributing
disease, and while associated with marked hepatic congestion. the only cardiac lesion present microscopically was
mild, localized, nonsuppurative myoc~arditis. Neither the g'rossly o~bserved mild. localiied endoc'ardiosis nor the
microscopically observed myocarditis seemedtc sufficient to explain the decreased cardiac function. Pulmonary
hypertension secondary to the interstitial pneumonia rmiv have produced secondary cardiac failure. An adenoma
of the exocrine pancreas was an incidental findir~g at necropsy. Bilateral cortical adenomas were in the adrenal
gland.
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Table 10

Summary of Major Findings at Death in Immature (3 mo old) Dogs Exposed by Inhalation
to 144Ce in Fused Alumonisilicate Particles (Status as of 9-30-91)

ILBa Survival Times Cumulative
Number (MBq 144Ce/kg (Days after Radiation Dose
of Dogs Body Weight) Exposure) to Lung (Gy)

Non-Neoplasia

Lung 9 .00015-5.2 66-5338 0.017-270

Bone Marrow 0 - - -

Liver 1 .00048 4765 0.054

Other 9 .00089-1.3 1520-5802 0.11-150

Neoplasia

Lung Injury with Lung Neoplasia 0 ..- --

Lung 13b .032-2.9 618-5932 2.9-310

Nasal Epithelium 1 0.22 5387 33

TBLN 4b 0.44-1.4 1227-2813 51-180

Heart 0 - -.

Bone 0 -...

Bone Marrow 0 -...

Liver 0 - - -

Other 12 .00022-1.8 1732-5642 0.024-220

Contro

Non-Neoplasia

Lung 0 .....

Bone Marrow 0 ......

Liver 0 ...-

Other 4 - 1378-5362 -

Neoplasia 0 .....

Lung Injury with Lung Neoplasia 0 .....

Lung 0 ......

Nasal Epithelium 0 ......

TBLN 0 ..

Heart 0 ......

Bone 0 .....

Bone Marrow 0 .....

Liver 0 ...-..

Other 1 -- 4213

aILB - Initial Lung Burden
bone dog bad lung and TBLN rumors.
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e. Toxicity of 239puO 2 in Immature Beagle Dogs. XII.

Study Contact: R. A. Guilmette

As part of the ITRI studies on the effects of age at exposure on the resulting dose-response relationships,
immature Beagle dogs (3 mo old at exposure) received single, brief inhalation exposures to a monodisperse aerosol
of 239pUO 2 (1.5 v.m AMAD) and are being followed for life-span observaticns. The experimental design consists
of blocks of 12 dogs, each exposed to graded activity levels of 239p'u that ranged from 20.7 to 0.0085 kBqfkg
body mass; there were eight activity levels, with a total of 96 exposed dogs. Twelve control dogs exposed only
to the aerosol vehicle were also included in the experiment. Two blocks of dogs were exposed in 1978. After
a 2-yr break in exposures because of a colony outbreak of parvovirus enteritis, exposures were resumed in 1980
and continued through 1982. Specific details on experimental design considerations, metabolism and dosimetry
of the inhaled 239pL,, and early occurring biological effects have been presented in previous annual reports from
this Institute, especially in LF-69, LMF-102, LMF-113, LMF-1 14, and LMF-115. Annual summaries for this
study have also been included in all other annual reports to the present time.

The current status of this study is shown in the experimental design chart given in Figure 20. Exposure
information and dosimetry results are given for each dog in Appendix A. Survival data for dogs in this study
are summarized graphically in Figure 21. During the past year, six Pu-exposed dogs died; no control dogs died.
Summaries of the major clinical and pathological findings are presented beow. As of September 30. 1991, there
were 55 experimental and I I control does alive on this study. A summary of the major findings in the dogs
at death is given in Table 11. We continue to observe the dogs remaining alive at 8.6 to 12.2 yr after exposure.
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Figure 21. Relationship between initial lung burden of 239PuO 2 and survival time for immature dogs (Status as of
9-30-91).

Dog 1337U, a female, was euthanized 3649 day:; after exposure to an ILB of 5.9 kBq per kg body weight.
She had an uneventful clinical history until primary lung tumors were diagnosed radiographically 75 days before
death. Six weeks before death, anorexia and progressive anemia were noted, and the dog became progressively
more debilitated. Euthanasia was recommended.

At necropsy, pulmonary papillary adenocarcinomas were present in the left apical and left diaphragmatic
lung lobes. Tumor emboli within the lymphatics and vasculature suggested intrapulmonary metastasis. Other
relevant pulmonary lesions included multiple areas of pleural and septal fibrosis and alveolar epithelial hyperplasia
with atypia. Lymphoid depletion, fibrosis, and anthracotic pigment were evident in the tracheobronchial lymph
node. Incidental necropsy findings included, a benign mixed mammary tumor, nodular adrenal cortical hyperplasia,
and focal C-cell hyperplasia of the thyroid.

Dog 1324T, a female, was euthan&zed 3514 days after exposure to an ILB of 2.6 kBq per kg body weight,
because of worsening tachypnea and coughing secondary to a primary lung tumor. The lung tumor was initially
diagnosed radiographically 200 days before death. Polycythemia, neutropeinia and lymphopenia, and an increased
pulmonary interstitial pattern wes-e noted since 42 mo before death.

Necropsy revealed a large ,.denosquarrous pulmonary carcinoma involving the left apical lobe. Extensive
lymphatic, vascular, and aerogenoit..; metastases were evident in all lung lobes examined microscopically. Metastases
were morphologically that of a papillary adenocarcinoma. Focal metastases to the tracheobronchial lymph nodes
were also pretent. Other incidental findings included a unilateral adrenal cortical adenoma. a benign mammary
gland tumor, and multiple hepatic biliary cysts.

Dog 1217A, a male was cound dead 4185 days after exposure to an ILB of 1.9 kBq per kg body weight.
The dog had only minor clinical problems during its lifetime. At 48 mo of age, an enlarged heart was noted
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Table 11

Summary of Major Findings at Death in Dogs that Inhaled Monodisperse 1.5 pm AMAD Particles
of 239Puo 2 when they were Immature (Status as of 9-30-91).

ILBa Survival Times Cumulative
Number (kBq 239pu/kg (Days after Radiation Dose
of Dogs Body Weight) Exposure) to Lung (Gy)

Non-Neoplasia

Lung 0 ...

Bone Marrow 0 ....

Liver 0 - -

Other S 0.13-24 46-3102 0.12-8.7

Neoplasia

Lung Injury with Lung Neoplasia 5 4.4-20 1386-2218 9.4-36

Lung 2 5 b 0.021-29 1352-4185 0.05-84

Nasal Epithelium Ib 0.021 3570 0.05

TBLN 0 -

Heart 0 .....

Bone 0 .....

Bone Marrow 0 ......

Liver 1 0.013 3199 0.03

Other 2 .013,3.3 1832,2190 .03,6.6

Control

Nun-Neoplasia

Lung 1 -- 250 --

Bone Marrow 0 ..-..

Liver 0 ......

Other 0 ......

Neoplasia 0 ......

Lung Injury with Lung Neoplasia 0 ......

Lung 0 .....

Nasal Epithelium 0 ......

"TILN 0 ......

Heart 0 .....

Bone 0 .....

Bone Marrow 0 .....

Liver 0 ......

Other 0 ......

a'I.B = Initial lung burden based on whole-body counting of 169Yb.
bOice dog had nasal carcinoma and lung carcinoma.
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radiographically. At 8 years of age, electrocardiograms showed a sinus arrythmia and a slow heart rate. Marked
cardiomegaly was noted at that time. The dog appeared clinically stable, but was found dead in the kennel at
11 years of age.

At necropsy, there was marked cardiomegaly and microscopic evidence of biventricular myocardial
hypertrophy. Findings of chronic-passive pulmonary congestion supports the diagnosis of congestive heart failure.
Lack of valvular or vascular disease and early age of onset is suggestive of primary cardiomyopathy. Two primary
lung tumors were found at necropsy. A papillary adenocarcinorr.a involving the right intermediate lobe and a
small fibrosarcoma located subpleurally on the left diaphragmatic lobe. Multiple areas of pulmonary fibrosis,
bronchiolar and alveolar epithelial hyperplasia, and chronic nonsuppurative bronchiolitis were also evident. Incidental
findings included a unilateral interstitial cell tumor, a small mediastinal thymoma, atrophy of the quadrate lobe
of the liver resulting from a remote diaphragmatic hernia and glandular epithelial hyperplasia of the prostate.

Dog 1368T, a female, died under anesthesia during surgical repair of the bilateral inguinal hernias and
mammary tumor removal. She had received an ILB of 0.96 kBq per kg body weight 3102 days before death.
Numerous transient clinical problems including a grand mal seizure and erythrocytosis were noted during the last
year of her life. Bilateral inguinal hernias and a mammary tumor involving 1.,2 were noted on routine physical
exam. The dog died under anesthesia during surgical hernia repair and removal of the mammary gland tumor.

At necropsy, marked systemic congestion and serosanguineous abdominal effusion were present. Definitive
gross or microscopic findings pinpointing the proximate cause of death were not evident. However, moderate
chronic-passive congestion of the liver and segmental intestinal lymphangiectasis are suggestive of caval obstruction
or right heart failure. The immediate cause of death was respiratory arrest followed by cardiovascular collapse.
Other findings included a mild lymphocytic thyroiditis, focal nodular hyperplasia of the liver, a unilateral adrenal
cortical adenoma, and complex mammary gland adenoma.

Dog 1367A, a male, was euthanized because of a progressive hepatic failure secondary to a primary hepatic
tumor 3199 days after receiving an ILB of 0.063 kBq per kg body weight. The dog had several transient clinical
findings during its lifetime, including osteomyelitis involving the left foreleg 72 mo before death. An increased
pulmonary interstitial pattern was noted on radiographs 36 mo before death. The dog presented I I days before
death with abdominal ascites, severe rear limb edema, and elevated liver enzymes. Euthanasia was recommended.

At necropsy, a primary hepatic fibrosarcoma was found to have infiltrated and replaced extensive portions
of liver. A large 4 x 5 x 1.5 cm metastasis was present in the spleen, and lymphatic micrometastasis was evident
in the hepatic lymph node. Other notable nonneoplastic findings included simple cystic glandular hyperplasia
of the prostate, a mild, chronic, bilateral glomerulonephrosclerosis, and nodular adrenal cortical hyperplasia.

Dog 1317U, a female was euthanized because of an enlarging nasal tumor 3570 days after receiving an
ILB of 0.021 kBq per kg body weight. Subclinical anemia and transient polyarthritis were noted at 24 mo of
age. An increased pulmonary interstitial pattern and an increased respiration rate were clinically evident 84 mo
before death. One month before death, the dog presented for a mucosanguineous nasal discharge and an enlarging
bony nasal maxillary mass. Radiographs revealed periosteal new bone formation and ongoing osteolysis. Loss
of incisor and canine teeth and progressive difficulty with nosebreathing prompted euthanasia.

At necropsy, a well-differentiated, invasive squamous cell carcinoma infiltrated bilaterally, structures of
tti- nasal cavity, maxillary sinuses, maxilla, and bony palate. Loss of teeth was a result of neoplasia involving
periodontal structures of the incisive bones and maxilla. No metastasis was evident. Also significant were two
primary papillary adenocarcinomas involving the right apical and left diaphragmatic lung lobes. Morphologically,
both tumors were essentially identical; however, lymphatic or vascular metastases were not evident in either case.
Alveolar epithelial hyperplasia and pleural and septvi fibrosis were present in most lung sections. Other nonneoplastic
findings included a unilateral ultimobranchial duct cyst and diffuse C-cell hyperplasia of the thyroid.
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* f. Repeated Inhalation Exposure of Beagle Dogs to 239puO,. XV.

Study Contact: J1. H. Diel

To evaluate the role of chronic exposure to an alpha-emitting aerosol, PUO compared to single acute
uptakes of the same radionuclide, adult Beagle dogs inhaled a monodisperse aerosol ofi,9PuO2 (0.75 jam AM AD)
either once or once every 6 mo for 10 yr. Twenty-four singly exposed dogs received 3.7 kBq 239Pu; the multiply
exposed dogs received either 0.37 or 3.7 kBq per exposure for a maximum of 20 exposures each. There wvere
24 dogs exposed at the lower dose, and 15 dogs exposed at the upper dose. Nine additional dogs at the upper
dose were sacrificed for dosimetry. Twelve control dogs were also given repeated, semiannual sham exposures
for the 10-yr duration of the exposures. These dogs are being held for life-span observations. The exposures
began in 1977; the final repeated exposures were done in 1987. Specific details of the experimental design
considerations, the dose-response models being tested, and the metabolism and dosimetry of the inhaled 239puO 2
have been presented in previous annual reports, particularly in LF-58, LMF-91, and LMF-102. Annual summaries
for this study have also been included in all other annual reports to the present time.

The current status of this study is shown in the experimental design chart given in Figure 22. Exposure
information and dosimetry results are given for each dog in Appendix A. Survival data for dogs in this study
are summarized graphically in Figure 23. During this year. four of the dogs that were exposed repeatedly to
239Pu died, as did three control dogs. The major clinical and pathological findings for these animals are summarized
below. As of September 30, 1991. there were two singly exposed and four control dogs alive for a total of six
animals. A summary of the major findings in these dogs at death is given in Table 12. We continue to observe
the surviving dogs, who are between 13 and 14 yr on study.
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Tal~e 12

Summary of Major Findings at Death in Dogs Repeatedly Exposed by Inhalation to 0.75 gam Aerodynamic
Diameter Monodisperse Aerosls of 239Pu0 2 (Status as ot9-30-91).

TLBh Survival Timas Cumulative,
Number (kBq 239Pu/kg (Days aftcr Radiation Dose
of Dogs Body Weight) Exposure) to Lung (Gy)

Non-Nooplasia

Lung 12 0.41-0.68 1267-4444 6.1-27

Bone Marrow 0 - - -

Liver ib 0.56 3564 4.0

Other 6 0.33-0.81 364-3740 0.73-4.3

Neoplasia

Lung Injury with Lung Neoplasia 3 0.50-2.6 1529-1920 15-24

Lung 34 b,c 0.26-1.4 1892-4979 1.9-31

Nasal Epithelium 0 ....

T .1 ,4 0 .....

Heart 0 .. .

Bone 2C 0.53,0.85 2374,4226 5.4,30

Bone Marrow 0 -..

Liver 0 ..-

Other 5 0.52-0.93 2450-4134 2.8-5.6

ontrol

Non-Neoplasia

Lung 0 ----

"Bone Marrow 0 .....
Li ver 0...

Other 4 -- 969-5050 --

Neoplasia

Lung Injury with Lung Neoplasia 0 .....

Lung 0 ....

Nasal Epithelium 0 ....

TBLN 0 .....

Heart 0 .....

Bone 0 .....

Bone Marrow 0 .....

Liver 0 .....

Other 4 -- 3941-5080 --

aTLB=Total lung burdens based on whole-body counting of 169Yb.
bOnc dog had a lung tumor and hepatic degeneration.
COne dog had lung and bone tumors.
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Dog 1077U, aL female, was euthanized 4711 days after first exposure to an aerosol of 0Pu, due to
the presence of lung tumors. The dog received 2 total lung burden (TLB) of 1.2 kBq per kg body mass. This
dog had a few minor clinical problemns during its lifetime. These included an inguinal hernia, an ossifying epulis
of the gingiva, spondylosis ofTl2-13 vertebrae, and poor light reflex in the left pupil. The dog developed tachypnea
6 days prior to death, and radiographs taken 3 days prior !o death, suggested the presence of multiple lung tumors.

At necropsy, a papillary, pulmonary adenocarcinoma was in the right apical lung lobe. A papillary
adenocarcinoma in the left diaphfagmatic lobe was considered a meta&stasis from the right apical lobe. Multifocal,
mild. chronic interstitial pnieumronia of the right cardiac lung lobe and severe atrophy and fibroiis of the
tracheobronchial and mediastinal lymph nodes were, most likely, treatment-associated lesions. A malignantrmelanoma
of the spindle cell form was in the iris of the left eye.

Dog 1055W, a female, was euthanized with a lung tumor 4979 days after initial expiosure. The inhalation
exposures resulted in a TLB of 0.70 kBq per kg body mass. Several miner clinical problems were noted during
the dog's Ii fetime. These included bilateral degenerative joint disease of the coxofernor-Aljoints, an increased interstitial
lung pattern. vertebral spondylosis, and dental disease. A tumor which was sten in the L, mamnviriy gland
approximately 17 mo prior to death increased in size. A lung tumor was noted about 7 mo prior to death, progressively
grew, and resulted in euthanasia.

At necropsy, a papillary adenocarcinorna was found in the left diaphragmatic lung lobe and ',id metAStasi2zed
within the lung to the right apical and right intermediate lobe%, and beyond the lung to the trac heobroinch ial lymph
notie. A st..3nd primary pulmonary ne~oplasm, a bronchioloalveolar adenoma, was in the richt intermcdiae lung
lobe. The U mammary gland contained a complex tubular adenocareinomra which mnetastasized to the right
diaphragmAtic lung lobe. Multifocal, mild, pulmownary interstitial fibrosis with associated Alveolar epithelial
hyperplasia was considered treatment -re lated ard consistent with radiation pnieumronitis. Severe Atrophy of the
trachenbronchial lymph nodle was typical of. 239PuO, inhalation exposure. A cortical carcinoma was found in
the adrenal gland. and an oral malignant mnelanomna wvas noted within a focus of chronic proliferative gingivitis.

Dog 10508, a male, was euthanized 1--xause of lung tumors 4856 days after its. initial exposure. The
dog received a TLB of 0.63 kBq 239 PuO, per kg body mass, Clinically, the dog had radiographic evidence of
radiation pneumronitis more than 96 mo) prior to death. The left testicle was removed be-cause: of a Sertolt cell
tumor 60 mo before death. Radiographic evidence of a lung ma.s was first noted more thin 214 m-o prior to death.
Bronchoscopy and bronchoalveolar lavage confirmed the presence of lung' tumnors 40 days prior to death.

At necropsy, three separate primary carcinomnas were found in the lung: a primary, papillary adenotcArvinoma
of the right apical lung lobe; a primary, adenosquamou% carcinoma oif the right diaprihagmatic lung lb;and a
primary, papillary adenocareinorra of the apicil portion of the 10~t apical -card iac lung lobe. The, left diaphragmatic
lung lobe contained a fibrosarcoma which Appeared ito be a metastasis; the primary lihir arcomna w~as not found.
Exposure-relate~d lesions included: I) multifoicat, mild, pulmonary, intcrstitial fibrosis with assoit~ated al~.eolar.
epithelial cell hyperrophy and hyperplasia. And occasionally, squamious meI~tAplsI4, and 21) severe Atroph% of the
mediaslinal and trachtiobronchial lymph nodxes. The mild eadoeavnot.d clinically Andi grossly %is .oonidertd
secondary to pulmonaryneopliisia and interstitial fibrosis. A cAaernIous heniangwoma was noted in the retr1%phAryIn%!CAl
lymph node.

Dog 1044U,. a femnale, was euthanited Aith A lung tumnor 4795 clays Alter the ttrst exrpoure. The dog
received a TLB of 0.44 kBq per kg body rmiss. tMost clinical ptOibem.. Aertf mino~r .ind included dentil discase.
an interstitial lung pattern, a transverse mandibular frac-ture. vetrtebral spn~ls.,urilatcra medoial pAtVIIar luXAtIIIn.
rind bilateral oronas-al fistulas. The termninal illness waJs AssocAted wkith A long history i4 pultmonary neO.PlAsIA.
A lung turmor was first noted in the cardiac pirlion oit the 101t apicil--:ard!Ac lung loixe aprowimm.tl 23 mod prilor
to death. The r.eopla.'m grew prog~ressively. Increased lung sound%. dspnea. and le~thargy is-sultud in euthan.tij.ia

At n~rosyapaillry acni~arinou ws tond n te ht ai~aleariaclun loe. dditional papillary
adenocarcinoma~s in the right itpical 'uni? loh, and the lelt diaphraemnitic lung lobe- wele coosidvrvd me~tAstAses



from the tumor in the left apical -cardiac lung lobe. M ultitfocal, mild, alveolar epithelial cell hyperplasia; mul t ifocal,
miild, pulmonary, interstitial fibrosis. and severe atroiohy of the tracheobronchial lynoi node were all considered
exposure related.

Dog 1077T, a female control, was euthanizedI 4765 days after initial expoureto the vector aerosol. Several
minor clinical illnesses occurred dunn'.z its lifetime. 'These included a grade lllI1f heart murmur, right heart
enlargement, in increased interstitial pattern in the lungs, and spondylosis of the T13-1,. L.2.3. and 1-7-S, vertebrae.
Mammary neoplasms removed from the R4 and L, mammnary glands 8 ni-o prior to death-Are a simple tubulopapillary
adenocarcinomna and a complex tuh-lar adenocarcinon-u. resptwitively. 'The simple tulsuopapillary carcinoma was
present in the lymphatiks, vasculature. and inguinal lymph node. Persistent melens appeared 52 days prior to
death. T'he terminal illness *as manifested as disorientation, circling in the run, and Poor proprioceptior. in the
rear limbs.

At necropsy, a carcinoma (if the pituitary pairs intermi'dia invaded the bi'as And explained- alltemiirter
neurologic signs. Moderate, lymphopla~smacytic gAmsritis with atrophy may have contributed to intestinal signs
such a~smelena. At least two foci of metastatic mamrmary adenocare anomra were founJ in the lung and were considered
metastases from the adenocarcinomna of the R. mammary gland. Additional mailignant asammary neoplasm~s present
at necropsy were a ciomplex tubular adenicarcinoma it othe R. miammary gland, a simple papillary Adenocarcinomna
of the R3 mammary giand, And A simple tubular adeniocarcinoma of the L4 mammary gland. Moderate foc:al suispleural
fibrosis in the left diaphragmatic lung lobe N4a% Asv(Xiattd %sith mouderate alveolar epitheliAl h~pertrophy and
hyperplasia and multifOcal squamo)us mtetAplamsa. A few foc~i of mild interstitial fibrois were scaitered in the
lung. These were not treatment-as-sociated lesions, howes~er, aus thi-i was a control dog.

Dog 1062C, a male control, was found dead 3050 days altcr initial exposure to the vector aerowol. Minor
clinical problems included. bilateral degenerative joiint disease of the coxoifemnoral moints. %pondykisis4 of the T121-
LI. L3-4 vertebrae, three epivodes of anemiA, and three episo)des- of ervsinophilia. The dog had an episoide of
tachypnea about 105 mit prior to death. CAr uhimcl!Aly wkas first manile~stcd About 96 to) prior to death as right
heart enlargenment And progressed to) gvnerilimd ý.ardiomegaly 33 mo) prior to death. Clinical signs of cairdiac
disease. were never obvsened. And the dog vwAs found de-ad in its run.

At necropsy, the dog had moderate, Acute. necrosuppurative. broachointerstittal pnt-uerniaru. T'he heart
was; also markedvy enlarged, the ttvnrittcUlAr myoc:ardium wai bilaterally hypenrtprihed. edema And Alveo~lar
histiocytosis were i.n px~trions of the lctniv unaffixted by hr'jo' oiubliterutsn or Kuite hrunchopneurnonia. And
mruirked passive congestion was in the lit et. Test le-sioins 'ug,,esteJ that the primary disease process was Lcongesti% e
heart failure which predispo~sed the dog toi ihe doveloprstwnt of pneutmmia. No salv.utar lesion's were present in
t'ie dog.Putnryvclramoioiadasldtoiuarh)ri asm a.wiherpr..t.wrptnil

auses ofpulmonary hypertension and h~perthyroidtsm. Isith known ý:ausrs ofheart failure. A cortivalkcarinomna
was in the adrenal gland.

Dog 1037E. A male control, Aas euthanized with a metiastaifi rmr-Lnornu R5O~dA%- after initial intalAtiwn
exposure tio the vector aerosol. Clinially. vertebral spondy losilS wAs preent At Tit) ~.T 3 L.AII I -.S Ruptured
dis;cs were present At T 3 1,1 L-2 j. And L, ,. A heart murmur As% first noted mo0re than 36 niot poor ito death
and progressed to A grade IVNI murmur. T~he thyroid %4;4 en Sirged 7 n-to prior to decath, and h~p..thyrnidism
was diagnosed 6 1/21110 prior ito dk-ajth. Tetria lnsa rlmlgatmlnmwsfrtnte prsoitl
12 mo prior to euthanasia. Despite surpical remosal. the tumnor recurred, And the do~g was euthaniied because
of pulmownary meta'staset.

At necropsy, theoiraf mnalignint nwIelnornA had r-ecurred locally. e'nd mewtastAse were present in the enIcAl
lymph nodjes And lung. The mc-diastinum contained A thyntoma oft the prtedominately rpitbeluiAl form, An Adenoitu
of the pituitary parr fnierm,'riu, or concomitant disease may hj,.t- produ~ ed h~rwithi rodism. 'Th~ nd enlargemnwrt
on the thyroid sean was attributed to multiple simple and multils~ulatcd pirathy roid cysts. MSiocrate crndocardiosis
iof the left atnioventriculAr valv'e exp!Ainted the clinical history of a heart mnurmur.
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3. Annual Report References to Doi Longevity Studies In Which All Dogs Have Died

It is our custom to provide an annual status report on each dog longevity study in which dogs are still
alive. These reports provide historical perspective on each study and on the sequence in which different events
occurred. When all dogs in a given study are dead, the scientific effort in that study is directed to final histopathological
reviews, data analyses, dose-response modeling, and open literature publications.

Recognizing that annual progress reports for an individual study may span about 20 yr, it is desirable
to provide the interested reader with a guide to past annual reports and their contents. In the material that follows,
a graph that illustrates the relationship between long-term retained radionuclide burden, survival time, and prominent
pathological observations at death is presented for each study in which all dogs are dead. This graph is followed
by an annotated list of all Annual Report references for that particular study.

a. 9°SrCI2 Longevity and Sacrifice Studies

Figure 24 provides data ovi long-term retained burden and survival time for Beagle dogs that inhaled 9°SrC!,.
and Table 13 presents annual report references to these dogs.

b. 1t 4CECl3 Longevity Study

Table 14 presents annual report references to Beagle dogs that inhaled 144CeCl, and Figure 25 provides
data on the long-term retained burden and surviva? time for these dogs.

c. 91YC13 Longevity Study

Figure 26 provides data on the long-term retained burden and survival time on Beagle dogs that inhaled
9 1yC13. and Table 15 presents annual report references on these dogs.
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Table 13

Annual Report References to Longevity and Sacrifice Studies
Involving Beagle Dogs that Inhaled 10Srcl2

Report Year and
No. Document No. Pages Majir Contents

1. 1966-67, LF-38 1-18 Exposure details; whole-body retention; 85Sr deposition
and fate; dosimetry niethodology; early clinical findings,
hrmatology, serum chemistry, microbiology, and pathology
in early post-exposure perod.

If. 1967-68, LF-39 1-I Wbole-body retention summary; dosimetry; and clinical
observations, hematology, and pathology.

Ill. 1968-69, LF-41 1-7 Whole-body retention; biological effects summary; and
survival curves.

IV. 1969-70, LF-43 123-127 Annual status report.

V. 1970-71, LF-44 121-125 Annual status report.

VI. 1971-72, LF-45 129-136 Annual status report, comparison with 9Sr citrate study at
the University of Utah.

VII. 1972-73, LF-46 86-90 Annual status report.

VIII. 1973,74, LF-49 89-92 Annual status report.

IX. 1974-75, LF-52 134-138 Annual status report.

X. 1975-76, LF.56 154-157 Annual status report.

XI. 1976-77, LF-58 62-65 Annual status report.

XII. 1977-78, LF-60 68-71 Annual status report.

XIII. 1978-79, LF-69 57-61 Annual status report.

XIV. 1979-80, LMF-84 48-52 Annual status report.

XV. 1980-81, LMF-91 67.72 Annual status report.

XVI. 1981-82, LMF- 102 271-275 Final statis report.

XVII. 1982-83, LMF-107 183-189 Bone cancer risk estimates.

XVIII. 1983-84, LMF-113 154-158 Study summary.

1984-85, LMF-114 175-180 Analysis of early hematological effects.

1984-85, LMF-114 275-279 Logistic analysis of dose-effects data.

1985-86, LMF-115 167-176 Analysis of late biological effects.

1998-89, UMF-128 63-65 Elfccts of route of exposure and dose rate on hNne
ca ncerr.

This report 82-84 Alpha- vs. beta-induced bone cancers.
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Table 14

Annual Report References to the Longevity Study
Involving Beagle Dogs that Inhaled-4CeC13

Report Year and
No. Document No. Pages Major Contents

1. 1966-6'7, LF-38 19-39 Exposure details; whole-body retention; deposition and
fate in parallel serial sacrifice study; dosimetry
methodology; clinical findings, hematology, clinical
chemistry, microbiology, and pathology in early post-
exposure period.

11. 1967-68, LF-39 14-25 Deposition and fate in parallel serial sacrifice study;
dosimetry; and clinical findings, hematology, and
pathology.

II. 1968-69, LF-41 8-14 Whole-body retention, biological effects sumzn.ry.

IV. 1969-70, LF-43 128-136 Fate and dosimetry, biological effects summary.

V. 1970-71, LF-44 126-135 Whole-body retention, tissue distribution, clinical findings
and pathology.

VI. 1971-72, LF-45 137-139 Annual status report.

VII. 1972-73, LF-46 91-95 Dosimetry methodology, annual status report.

VIII. 1973-74, LF-49 93-97 Annual status report.

IX. 1974-75, LF-52 139-142 Annual status report.

X. 1975-76, LF-56 158-163 Annual status report.

Xl. 1976-77, LF-58 69-73 Annual status report.

XII. 1977-78, LF-60 76-79 Annual status report.

XII. 1978-79, LF-69 66-70 Annual status report.

XIV. 1979-80, LMF-84 57-61 Annual status report.

XV. 1980-81, LMF-91 79-83 Annual status report.

XV1. 1981-82, LMF-102 280-283 'Annual status report.

XVII. 1982-83, LMF-107 194-197 Annual status report.

XVIII. 1983-84, LMF-113 163-167 Final status report, preliminary cancer risk estimates.

1984-85, LMF-115 247-250 Nonstochastic effects; nonneop!wstic ivwr disease and
tumors in nonirradiated organs.

1989-90, LMF-130 70-74 Biological effects suinnury.

1989-90, LMF-130 75-77 Hepatic tumor comparison.
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Table 15

Annual Report References to the Longevity Study
Involving Beagle Dogs that Inhaled 9YC13

Report Year and
No. Document No. Pages Major Contents

1. 1966-67, LF-38 40-64 Exposure details; whole-body retention; deposition and fate
in parallel serial sacrifice study; dosimetry methodology;
and clinical observations, hematology, clinical chemistry,
microbiology, and pathology in early post-exposure period.

If. 1967-68, LF-39 26-32 Whole-body retention; and clinical observations,
hematology, clinical chemistry and pathology.

Ill. 1968-69, LF-41 15-18 Annual status report.

IV. 1969-70, LF-43 137-139 Annual status report.

V. 1970-71, IF-44 136-138 Annual status report.

Vi. 1971-72, LF-45 140-143 Annual status report.

VII. 1972-73, LF-46 96-99 Dosimetry methodology, annual status report.

VIII. 1973-74, LF-49 98-100 Annual status report.

IX. 1974-75, LF-52 143-145 Annual status report.

X. 1975-76, LF-56 164-166 Annual status report.

XI. 1976-77, LF-58 66-68 Annual status report.

XII. 1977-78, LF-60 72-75 Annual status report.

XIII. 1978-79, LF-69 62-65 Annual status report.

XIV. 1979-80, LMF-84 53-56 Annual status report.

XV. 1980-81, LMF-84 73-78 Annual status report.

XVI. 1981-82, LMF-102 276-279 Annual status report.

XVII. 1982-83, LMF-107 190-193 Annual status report.

XVIII. 1983-84, LMF-113 159-162 Final status report, preliminary cancer risk estimates.

This report 65-67 Biological effects summary.
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d. 137CsCl Longevity Study

Table 16 presents annual report references to Beagle dogs that were injected with 13 7 CsCI, and Figure

27 provides data on long-term retained burden and survival time for these dogs.

e. 90Y in Fused Aluminosilicate Particles Longevity Study

Figure 28 provides data on the relationship between ILB and survival time for dogs that inhaled 90Y
in fused alumninosilicate particles, and Table 17 presents annual report references to these dogs.

Table 16

Annual Report References to Longevity and Sacrifice Studies
Involving Beagle Dogs that were Injected Intravenously with 1 3 7 CsC1

Report Year and

No. Document No. Pages Major Contents

1. 1967-68, LF-39 54-75 Experimental design; injection details; whole-body
retention; urinary and fecal excretion; tissue
concentrations; dosimetry details; and early clinical
findings, hematology, serum chemistry, and pathology in
early post-exposure period.

II. 1968-69, LF-41 36-45 Whole-body retention; dosimetry; microbiology;
immunology; hematology; and clinical findings,
biochemistry, and pathology.

Ill. 1969-70, LF-43 140-145 Dosimetry, biological effects summary.

IV. 1970-71, LF-44 139-144 Whole-body retention, biological effects summ.ary.

V. 1971-72, LF-45 144-146 Annual status report.

VI. 1972-73, LF-46 100-102 Annual status report.

VII. 1973-74, LF-49 101-103 Annual status report.

VIII. 1974-75, LF-52 146-149 Annual status report.

IX. 1975-76, LF-56 167-171 Annual status report.

X. 1976-77, LF-58 74-77 Annual status report.

X1. 1977-78, LF-60 80-83 Annual status report.

XII. 1978-79, LF-69 71-74 Annual status report.

XIII. 1979-80, LMF-84 62-66 Annual status report.

XIV. 1980-81, LMF-91 84-89 Annual status report.

XV. 1981-82, LMF-102 284-288 Annual status report.

XVI. 1982-83, LMF-107 198-202 Annual status report.

XVil. 1983-84, LMF-l 13 168-171 Annual status report.

XVIII. 1984-85, LMF- 114 181-184 Final status report.

1989-90, LMF-130 66-69 Biological effects summary.
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Table 17

Annual Report References to Longevity and Sacrifice Series
Involving Beagle Dogs that Inhaled 90Y in Fused Alundnosilicate Particles

Report Year and
No. Document No. Pages Major Contents

1. 1968-69, LF-41 46-58 Experimental procedures; whole-body retention; excretion;
tissue distribution; dosimetry; and clinical observations,
hematology, pulmonary function, clinical chemistry, and
pathology.

if. 1969-70, LF-43 146-162 Experimental procedures; experimental design (8 blocks);
tissue distribution; and clinical observations,
microbiology, and pathology.

IIl. 1970-71, LF-44 145-150 Fu!l experimental design. dosimetry summary, and
biological effects summary.

IV. 1971-72, LF-45 147-150 Annual status report.

V. 1972-73, LF-46 103-107 Annual status report.

VI. 1973-74, LF-49 104-107 Annual status report.
VII. 1974-75, LF-52 150-153 Annual status report.

VII. 1975-76, LF-56 172-175 Annual status report.

IX. 1976-77, LF-58 78-82 Annual status report.

X. 1976-78, LF-60 74-88 Annual status report.

X1. 1978-79, LF-69 75-78 Annual status report.

XII. 1979-80, LMF-84 67-70 Annual status report.

XII. 1980-81, LMF-91 90-95 Annual status report.

XIV. 1981-82, LMF-102 289-294 Annual status report.

XV. 1982-83, LMF-107 203-207 Annual status report.

XVI. 1983-84, LMF-113 177-i76 Annual status report.

XVII. 1984-85, LMF-I14 'J5-190 Annual status report.

XVIII. 1985-86, LMF-115 177-181 Annual status report.

XIX. 1986-87, LMF- *, 205-208 Final status report.

1986-87, LMF-120 196-204 Preliminary lung cancer risk estimates.

1989-90, LMF-130 78-81 Beta dose-rate effects in lung.
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f. 9 1Y in Fused Aluminosilicate Particles Longevity Study

Table 18 presents annual report references to Beagle dogs that inhaled 91Y in fused aluminosilicate particles,

and Figure 29 provides data on the long-term burden and survival time of these dogs.

Table 18

Annual Report References to Longevity and Sacrifice Series
Involving Beagle Dogs that Inhaled 91Y in Fused Aluminosilicate Particles

Report Year and
No. Document No. Pages Major Contents

1. 1969-70, LF-43 163-182 Exposure details; whole-body retention; deposition and fate
in parallel serial sacrifice study; excretion in urine and
feces; dosimetry methodology; experimental design (4
blocks); and clinical observations, hematology, pulmonary
physiology, clinical chemistry, and pathology in early post-
exposure period.

II. 1970-71, LF-44 151-163 Full experimental design; initial deposition; whole-body
retention; tissue distribution; dosimetry; and clinical
observations; hematology, clinical chemistry, pulmonary
function, and pathology for early post-exposure period.

1II. 1971-72, LF-45 151-156 Biological effects summary.

IV. 1972-73, LF-46 108-111 Annual status report.

V. 1973-74, LF.49 108-112 Annual status report.

VI. 1974-75, LF-52 154-159 Annual status report.

VII. 1975-76, LF-56 176-179 Annual status report.

Vill. 1976-77, LF-58 83-86 Annual status report.

IX. 1977-78, LF-60 89-93 Annual status report.
X. 1978-79, LF-69 79-82 Annual status report.X. 1978-79, LF-69 79-82 Annual status rep)ort.

XI. 1979-80, LMF-84 71-75 Annual status report.

XII. 1980-81, LMF-91 96-100 Annual status report.

XIII. 1981-82, LMF-102 295-299 Annual status report.

XIV. 1982-83, LMF-107 208-212 Annual status report.

XV. 1983-84, LMF-113 177-181 Annual status report.

XV/. 1984-85, LMF-114 191-195 Annual status report.

XVII. 1985-86, LMF-115 182-186 Annual status report.

XVIII. 1986-87, LMF-120 209-212 Final status report.

1986-87, LMF-120 196-204 Preliminary lung cancer risk estimates.

1989-90, LMF-130 78-81 Beta dose-rate effects in lung.

This report 61-64 Biological effects summary.

This report 79-82 Alpha- vs. beta-induced lung cancer.
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g. 144Ce in Fused Aluminosilicate Particles Longevity Study

Figure 30 provides data nn the long-term burden and survival time for Beagle dogs that inhaled I4 4
Ce

in fused aluminosilicate particles, and Table 19 presents annual report references to these dogs.

7000

LU

S6000-
0 G

5000. AD 5 Q
Sz 9

I- • EOAU•LUG O~

O.Q I/ A -j-
z 0 M

1 .3000 AL.SO V

I NEITASIA. LUNG U
5; Q00 NO"-NEOPLASIA. OTHERA

Ct0HEPASLA. LUNG9
V NEOPLA.SlA H1AF4T

!O I NEC I*,JA. 90NE

I'DEOPtAS.O1* LrV97

A NEOPLA.SIA TA-4 601

.00001 .0001 .001 .01 .1 1 10

INITIAL LUNG BURDEN (MBq 144Ceikg Body Mass)

Figure 30. Relationship between ILB of 14"Ce and survival time t')r dogs that inhaled 144Ce in fused aluminosilicate
particles.

52



\I

Table 19

Annual Report References to Longevity and Sacrifice Series
Involving Beagle Dogs that Inhaled 144Ce in Fused Aluminosilicate Particles

Report Year and
No. Document No. Pages Major Contents

1. 1967-68, LF-39 33-53 Exposure details; whole-body retention; deposition and fate
in parallel serial sacrifice study and dogs dying in early
post-exposure period; and clinical observations, hematology,
pulmonary physiology, clinical chemistry, and pathology in
early post-exposure period.

II. 1968-69, LF-41 19-35 Partial experimental design; whole-body retention; tissue
distribution and retention; dosimetry; and clinical
observations, pulmonary function, clinical chemistry,
hematology, immunology and pathology.

Ill. 1969-70, LF-43 183-187 Metabolism and dosimetry; and biological effects summary.

IV. 1970-71, LF-44 164-180 Full experimental designs for Series I and II; tissue
distribution and retention; clinical observations; and
pathology.

V. 1971-72, LF-45 157-166 Annual status report.

VI. 1972-73, LF-46 112-115 Annual status report.

VII. 1973-74, LF-49 113-117 Annual status report.

VIII. 1974-75, LF-52 160-164 Annual status report.

IX. 1975-76, LF-56 180-185 Annual status report.

X. 1976-77, LF-58 87-92 Annual status report.

XI. 1977-78, LF-60 94-98 Annual status report.

XII. 1978-79, LF-69 83-91 Annual status report.

XIII. 1979-80, LMF-84 76-81 Annual status report.

XIV. 1980-81, LMF-91 101-108 Annual status report.

XV. 1981-82, LMF-102 300-305 Annual status report.

XVI. 1982-83, LMF-107 213-219 Annual status report.

XVII. 1983-84, LMF-113 182-187 Annual status report.

XVIII. 1984-85, LMF-114 196-201 Annual status report.

XIX. 1985-86, LMF-115 187-192 Annual status report.

XX. 1986-87, LMF- 120 213-216 Annual status report.

1986-87, LMF-120 196-204 Preliminary lung cancer risks.

XXI. 1987-88, LMF-121 157-163 Final status report.

1988-89, LMF-128 66-68 Age-related early health effects.

1988-90, LMF-130 78-81 Beta dose-rate effects in lung.

This report 75-78 Interspecies lung cancer risks.

This report 79-82 Alpha- vs. beta-induced lung cancer.
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h. 144Ce in Fused Aluminosilicate Particles. Aged-Dog Longevity Study

Table 20 presents annual report references to aged Beagle dogs that inhaled 1"Ce in fused aluminosilicate
particles, and Figure 31 presents data on the IL8 and survival time of these dogs.

i. 239PuO 2 Aged-Dog Longevity Study

Figure 32 provides data on the ILB and survival time of aged Beagle dogs that inhaled 23°PuO, and
Table 21 presents annual report references to these dogs.

Table 20

Annual Report References to the Longevity Study
Involving Aged Beagle Dogs that Inhaled 1'Ce in Fused Aluminosilicate Particles

Report Year and
No. Document No. Pages Major Contents

I. 1971-72, LF-45 172-176 Experimental design (6 blocks); exposure details;
dosimetry; and early biological results.

II. 1972-73, LF-46 122-127 Comparison of tissue distribution and biological effects
with those in young-adult dogs; summary of early
biological results; and annual status report.

Ill. 1973-74, LF-49 122-125 Anmual status report.

IV. 1974-75, LF-52 169-172 Complete experimental design, annual status report.

V. 1975-76, LF-56 190-194 Annual status report.

VI. 1976-77, LF-58 97-101 Annual status report.

VII. 1977-78, LF-60 94-98 Annual status report.

VII. 1978-79, LF-69 96-100 Annual status report.

IX. 1979-80, LMF-84 86-89 Annual status report.

X. 1980-81, LMF-91 113-116 Annual status report.

XI. 1981-82, LMF-102 310-313 Annual status report.

XIl. 1982-83, LMF-107 224-227 Final status report.

XIII. 1983-84, LMF-113 193-195 Study summary.

1988-89. LMF-128 66-68 Age-relateki early health effects.

54



3000

* MSO LShi

(L

z Fi
02000.

$j p

V) 0 hL.okIL4

%. M O EOPLI& OTHEA3 p

01 ~ ONO~AIT*

0 ~ tO~tA~ONI a10

3M WN $WOLS -)

Ac W' *.AK A.NAASWWOTh' IA. uJ
HCJjA% LIPO

ra a

.1 1 1

INITIAL LUNG BUROEN (M~q 2"C" Body Mw%)

F igu re 31. Rdaions ip ,,ip~c 1113 t 1.0 of J '"u;iAvI time for agedý- dos. tha inalkd "PCuI fu.e



Table 21

Annual Report References to the Longevity Study
Involving Aged Beagle Dogs that Inhaled T' 9puO2

Report Year and
No. Document No. Pages Major Contents

I. 1978-79, LF-45 141-144 Experimental Jesign; initial lung burdens.

II. 1979-80, LMF-84 143-145 Current entries into study, early biological effects.

Ill. 1980-81, LMF-91 169-173 Annual status report.

IV. 1981-82. LMF-102 347-351 Full experimental design, annual status report.

V. 1982-83, LMF-107 264-268 Annual status report.

VI. 1983-84. LMF-113 237-241 Atnnual status report.

VII. 1984-85, LMF- 114 249-253 Annual status report.

VIII. 1985-86, LMF-l 15 239-242 Annual status report.

!X. 1986-87, LMF-120 266-270 Annual status report.

X. 1997-88, LMF-121 157-163 Final status report.
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D. COMPLETION ACTIVITIES FOR THE ITRI STUDIES

I. Completion of Individual Studies

At the present time, there are 13 ITRI studies in which all dogs have died. These are the studies receiving
most of the current efforts directed to study completions. The general strategy being followed for each study
is shown in Table 22.

Table 22

General Strategy for Completion of
Individual Life-Span Studies in Dogs at ITRI

* Collect and organize materials and data

Conduct deta&ied reviews

SDo0imetry

Clinical

Pathology

* Analyze results

Publish basic manuscripts

. Dosimetry

. Biological effects

. Dose-Responsc modeling

"* Prepare cross-cutting risk analyses and manuscripts

. Among ITRI dog studies

. Across species including humans

. With other laboratories

"* Send materials to National Radiobiology Archives

A review ,' the dosimetry, clinical and pathology materials and records for each dog is necessary to assure
uniformity in thorou ghness of examination and terminology. Because each life-span study spanned nearly 2 decades,
numerous veterinary clinicians and patholo'i,,ts have been involved. Over such a span of time, individuals, concepts.
treatments, terminology, and completeness of diagnosis have changed. Part of the purpose of these reviews is
to establish standard terminology, diagnostic criteria, and reporting foirmat. The general approach is for a team
comprised of one pa!hologist, one clinician, and a radiation biologist to review a complete study together. Each
individual reviews the appropriate material for their ;pecially. and then all team members agree together on the
diagnoses and other findings. The information is then organized on forms and entered into the ditabase.
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In the dosimetry portion of this effort, the radiation biologist reviews the performance of the counting
equipment, consistency of the standards, and the retention functions for the radionuclide of interest in the various
organs of concern. This ensures that the dosimetry is consistent over a study and that changes in counting efficiencies
and standards did not affect the results of these long studies. It also ensures that the methods for dose calculations
are consistent within each experiment. The dosimetry information is then entered into the dosimetry database.

The clinical materials being reviewed are the medical records, radiographs, hematology data, and clinical
chemistry data. The pathologist reviews the written gross necropsy report, biopsy reports, and histopathology
and final pathology reports for completeness; reviews the slides for tumors, and determines the organs of major
concern; and reviews any photographs of the organs taken at gross necropsy.

The clinician and the pathologist discuss each case to establish the following diagnoses: i) immediate
cause of death, 2) primary cause of death, 3) major contributing disease-s, and 4) incidental diseases and findings.
Under each category, sufficient supporting information is given to demonstrate the basis for the diagnosis. This
information is then coded into SNODOG (a modified version of SNOMED) and entered into the database.

Table 23 gives the current priority ranking for completion of these study reviews through the end of FY-
1993. Through the end of FY-1991, clinical and pathologic reviews of materials and records have been completed
on five studies - 9OSrCl2 , 141CeCl 3 , 137CSCI. 23'PuO, (1.5 pm) and 235PuO2 (3.0 um). It is anticipated that
the study of 91YC1 3 will be completed in early FY-1992. Completion of reviews for these six studies is an important
point in time because these six studies contain the most soluble radionuclide forms in the ITRI program. Therefore.
the broadest range of organs is a risk in these studies. Effort will also be devoted to establishing a relatively
large database on combined control dogs. bxth for use within the ITRI program and more broadly across laboratories
through the National Radiobiology Archives. Emphasis in FY-1993 will be directed to studies of relatively insoluble
forms on beta-emitting radionuclids.

Table 23

Current Priority Order and Schedule for Completing Reviews
of Individual Dog Uife-Span Studies at rTRI

Fiscal Dog life-Spsn
Year Study

1990 9SrC12

144•ClC1

1991 211PuO 2 (1.5 Pm)
238PuOj (3.0 pm)

1992 91yC%

Control Dogs

1993 90Y-FAP

"9tY-FAP

'"Ce-FAP

"•OSr-FAP
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Because of the maturity of the entire series of dog life-span studies at ITRI, most of the living dogs on

study are also approaching the end of their life spans. Table 24 lists the number of dogs alive in each of the

eight ýk dies containing living dogs and the projected year in which the last dog is expected to die. These studies

Xil) coiinmue with the daily observation of the dogs, pathological examination of each animal when it dies, and

...e c,1t1ection of excreta and tissues for radiochemical analysis for dosimetry. Each study will be integrated into

he wrt.-up schedule based on the projected date of death of all of the animals. In addition, samples of all tumors

o,' z=.fi.i .an .,ize are being collected and preserved at -70°C for use in other projects. These samples provide

valual.ý rd: aterial for evaluating oncogenes and gene activation products present in radiation-induced tumors. Material

is also ý,aiaiable for in situ hybridization and immunohistochemistry studies.

Table 24

Projected Dates for All Dogs to Have Died

on the Ongoing Life-Span Radionuclide Toxicity Studies

Completion of Number of Projected
Inhalation Dogs Alive Year of

Radionuclide and Form Exposure 9-30-91 Last Death

14 4 C(-FAP (Immature) 1972-1976 1 1992

2 3 9 puo2 (Repeated Exposures) 1977-1988 6 1993

2 3 9 puO2 (0.75 psm) 1977-1979 4 1995

2 3 9 Puo2 (1.5 jm) 1977-1979 21 1995

2 3 9 puO2 (3.0 jiM) 1977-1979 8 1995

2 3 9 puOp (Im tumre) 1977-1982 66 1998

2. Databases

Over the past 30 yr, a number of different database approaches have been used at ITRI for the purpose

of managing the storage and retrieval of the data and records produced in different segments of the life-span studies

program. These databases have involved a broad range of informaticn on topics such as breeding, inoculation,

clinical observations, clinical pathology results, necropsy relorts. pathologic diagnoses, radionuclide counting data,

and analytical radiochemistry results. Some of the previous databases used have been written in-house, and others

were obtained from commercial sources. A long-standing problem has been the difficulty of retrieving and using

data from several sources at the same time. Also, because of these database differences, the results were not

in appropriate formats for eventual transfer to the National Radiobiology Archives (NRA).

A concerted effort is continuing to re-establish these major databases within a common software framework.

The FOCUS database software is being used for this purpose. Highest priority was given first to the development

of a health effects database for use in the final review of all clinical and pathologic materials for each dog. Basic

details of this database were given in the 1988-1989 annual report (LMF-128, pp. 84-85). During the past year,

minor changes were incorporated to improve its uefulness. This database is now an important tool in our health

effects evaluation process. Other databases that have been set up in a FOCUS format include the colony management

database, the clinical pathology database, the radionuclide counting database, and the analytical chemistry database.

Additional testing and moxdifications of these systems will be required before they reach the same point of maturity

as the health effects database.
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3. Collaborations with Other Investigators

Two interlaboratory collaborations were actively pursued during the past fiscal year. One of these involved
collaboration between investigators at the University of California at Davis, University of Utah, and ITRI to study
the similarities and differences among bone tumor types and occurrences in dogs given 9°Sr by different routes
of administration. These comparisons were completed and submitted for publication in the International Journal
of Radiation Biology in FY-1991.

A second developing collaboration relates to the life-span studies of dogs injected with 137CsCI at either
Argonne National Laboratory (ANL) or at ITRI. All dogs in both studies are dead. It was proposed that ITRI
investigators conduct detailed biomedical reviews of the materials and records from the ANL study in a manner
similar to that used recently for the ITRI study involving 137CSCI. Meetings were held between the ANL and
ITRI investigators, and the study materials were assembled for shipping. It is expected that the transfer of these
materials from ANL to ITRI will occur soon. When these evaluations and analyses are completed, the ANL materials
will be sent to the NRA for archiving.

A third area of collaboration that should develop in FY-1992 relates to interlaboratory reviews and analyses
on control dog information and the establishment of centralized databases on control dog information at the NRA.

4. Third International Workshop on Respiratory Tract Dosimetry

In July 1990, ITRI, along with parts of DOE and CEC, co-sponsored a workshop on the dosimetry of
inhaled radioactive materials in the respiratory tract. This workshop, which was attended by 86 scientists and
health protection specialists, 22 from eight other countries, provided an opportunity to exchange and discuss various
information needs and sources. Data from ITRI studies were important inputs to the success of this workshop.
The proceedings of this workshop were published in Radiation Protection Dosimetry 38:1-249, 1991.
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E. RECENT RESEARCH ACCOMPLISHMENTS

1. Biological Effects of 91Y in Relatively Insoluble Particles Inhaled by Beagle Dogs

F. F. Hahn, W. C. Griffith, C. H. Hobbs, B. A. Muggenburg, and B. B. Boecker

The toxicity of 91Y inhaled in relatively insoluble particles is being investigated as part of the ITRI program
to evaluate the biological effects of inhaled beta-emitting radionuclides. A group of 108 dogs was observed over
their life span for the biological effects of inhaled 91Y. Equal numbers of male and female dogs, born and raised
in the ITRI colony, were given single, brief, nose-only exposures to aerosols of fused aluminosilicate particles
containing 9 1 Y to achieve graded ILB of radioactivity. These techniques have been previously described (McClellan,
R. 0. et al. In Life-Span Radiation Effect Studies in Animals. What Can They Tell Us? [R. C. Thompson and
J. A. Mahaffey, eds.], Office of Scientific and Technical Information, U. S. Department of Energy, Oak Ridge,
TN, p. 74, 1986). Another group of 30 dogs was exposed to 9 1Y aerosols in the same manner and serially sacrificed
for distribution data over the first 320 days after exposure. Whole-body counting of each dog was used to determine
the ILB. Mean organ absorbed dose rates and cumulative doses were calculated for each life-span dog using its
own whole-body retention data and the relationship between lung burden and total burden determined in the parallel
serial sacrifice study.

Each dog was given a medical evaluation annually and observed daily until death occurred spontaneously,
or the dog was euthanized in a motibund condition. Complete gross and histopathologic examinations were made
at death and included routine observation of all organ systems and notation of all lesions. Lifetime risks for malignant
tumors of the lung were estimated using a proportional hazards model. This model is based on the age-specific
incidence of tumors and estimates relative risk as the ratio of changes in the age-specific incidence as a function
of the radiation dose to lung. The proportional hazards model in this report used nonparametric estimates of the
baseline hazard and additive linear functions of the radiation dose for relative risks, similar to the methods used
in the BEIR V report (NAS/NRC, Committee on the Biological Effects of Ionizing Radiation. Health Effects
of Exposure to Low Levels of Ionizing Radiation, BEIR V, National Academy Press, Washington, DC, 1990).

The size distribution of the aerosol particles as determined by cascade impactor analysis was approximately
lognormal. Activity mean aerodynamic diameters ranged from 1.5 to 2.3 pm with geometric standard deviations
between 1.6 and 2.0. Real diameters ranged from 1.0 to 1.5 jm. ILBs achieved for the 96 dogs that inhaled
91Y ranged from 0.41 to 13 MBqfkg body weight.

The average retention of 91y in the body wvs expressed by a two-component exponential function: B(t) =
0.54e"3"81t + 0.46e"-0.0 32,. Tissue distribution data showed that by 4 d.ys after inhalation exposure, almost all
of the 91Y retained was in the lung; as time progressed, the relative amount in the lung decreased slowly. The
retention of 9 1Y in the lungs was a linear function with an effective half-life (radioactive decay plus translocation)
of about 50 days.

Tissue concentrations of 91Y in other organs showed that only the TBLN, bone and liver had significant
activities. T"e concentration of 9 1Y in the TBLN equaled that of the lung by 50 days after exposure and continued
to increase beyond that time. Concentraticis of 9 1Y in the liver and skeleton were about two orders of magnitude
less than those of the lung and TBLN.

Figure 33 illustrates the cumulative doses to the lung, liver, and skeleton that would be expected from
91Y in aluminosilicate particles deposited in the lung based on the results of the serial sacrifice study results. Survival
of the dogs as related to ILB and the principal lesions at death are shown in Figure 34. Forty-one dogs, with
radiation doses to lung ranging from 8.0 to 600 Gy, died of pulmonary vasculitis, radiation pneumonitis, and/
or pulmonary fibrosis at 113 to 2890 days after exposure. Most of these dogs (37) died before 500 days after
exposure with relatively high radiation doses (> 2J0 Gy) and with lesions clearly related to radiation injury.
At later times, pulmonary neoplasia was a frequent finding, occurring in 32 dogs. The earliest death from pulmonary
neoplasia was 1115 days after exposure. All lung tumors were epithelial in nature and originate,! in the alveoli
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Figure 33. Dose to lung, skeleton, and liver in Beagle dogs after inhalation of 91Y in aluminosilicate particles,
normalized to an ILB of I MBq 91Y per kg body weight and average retention. Infinite beta dose factors
for lung, skeleton and liver are 54, 0.22, and 0.055 Gy/MBq/kg, respectively.
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Figure 34. Relationship between initial lung burden of '9 Y and survival time for dogs that inhaled "Y in fused
aluminosilicate particles. Principal lesions ai death also noted.
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and small airways of the lung. The histologic types were classif:ed as bronchioloalveolar carcinoma, papillary
adenocarcinoma, and combined squamous cell-bronchioloalveolar carcinoma. Metastases within the lung and to
local lymph nodes were frequent but metastases outside the thorax were rare.

Tumors were also found in the nasal mucosa (I dog), TBLN (I dog), and heart (I dog). These tumors
were considered radiation-induced because of the 91Y content of these tissues or their proximity to 9 1Y-containing
tissues and their rarity in control dogs. No tumors were noted in the liver or skeleton of any dog.

A proportional hazards model was used to estimate the relative risk of lung cancer, and from this mod,,
the absolute risks or life-time risks of lung cancer were calculated. The excess relative risk was the s-in of a
linear function and a power function (power of 7.8) of the time-dependent radiation dose to the lung. -'!t :ontrol
incidence of lung tumors was based on the current experience from the entire population of 242 cc;:..ol dogs on
longevity studies. Below 60 Gy, the excess relative risk was linear, equaling 0.06 per Gy. T1he absolute risk
per unit dose was 60 lung tumors per 104 Gy over the same range.

The lung is the organ predominantly affected after inhalation of 91Y in a relatively insoluble form. With
the exception of the TBLN, and possibly the nasal mucosa, the radiation doses to other organs are about a factor
of 100 or more less than the dose to lung.

The histologic types of lung tumors seen were all epithelial in nature. The tumors were similar in phenotype
to those seen with other inhaled alpha- or beta-emitting radionuclides. Pulmonary hemangiosarcomas, seen with
high, protracted, beta-radiation doses, such as those from 144Ce or 9tiSr (Hahn, F. F. et al. J. Natl. Cancer
Inst. 50: 675, 1973), were not seen.

The proportional hazards model evaluation of the dose-'csponse relationship indicated a linear dose response,
at doses below 60 Gy. Such a linear dose response is consistent with the dose response for many biologic effects
from beta irradiation.

The absolute risk factor of 60 lung tumor.s per 104 Gy is less than the risk factor for lung cancer derived
from the Japanese A bomb survivors (Table 25). Models used in BEIR V to evaluate the current data from the
life-span study of these survivors resulted in a risk factor of 125 lung tumors per 104 Gy for males exposed at

Table 25

Risk Factors for Lung Cancer Fol!owing Irradiation

Type of Exposure Risk FactorA Basis for Estimateb Reference

Chronic beta- 60 Dogs that inhaled This paper

internally deposited 9 1Y FAP

Acute gamma-external 125 A-Bomb survivors NAS/NRC, 1990

irradiation

Chronic alpha- 2800 Dogs that inhaled Muggenburg, B. A. et al. In

internally deposited 2 38pu0 2  Proceedings of the BOHS 7th
International Symposium on

Inhaled Particles, Edinburgh,
Scotland, Pergamon Press, 1992.

aLung cancer per 104 Gy.
bYoung adult dogs - 25 yr old bumans.
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25 years of age (NAS/NRC, 1990). The lower risk factor for inhaled 9 1Y is probably due to the dose protraction
that occurs with internally deposited radionuclides with half-lives longer than a few hours (Hahn, F. F. et al.
Radiat. Res. 96: 505, 1983). The risk factor for inhaled alpha-emitting radionuclides, based on studies of dogs
that inhaled 238PuO2, is considerably higher than that for the inhaled beta emitter 91Y (Table 25). The ratio of
these two risk factors is about 45. This ratio compared to most ratios of high- vs. low-LET radiations (NCRP.
The Relatite Biological Effectiveness of Radiations ofDfferent Quali:y, Report 104, National Council on Radiation
Protection and Measurements, Bethesda, MD, 1990). For example, the ratio of 226Ra vs. 9°Sr for bone sarcoma
in dogs and mice is about 25. The reason for this seemingly high ratio is not known. Analysis of other studies
with dogs exposed to inhaled radionuclides may shed more light on this subject.

For the evaluation of human exposure situations, however, the most important ratios are those related
to brief, whole-body, photon irradiation so that the A-bomb survivor data can be used as a basis for comparison.
Unfortunately, there are no data from dogs exposed to brief, whole-body photon radiation available for comparison
to the human data base.
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2. Biological Effects.of 9 1YC1I Inhaled by Beagle Dogs

A. F. Hubbs, B. A. Muggenburg, F. F. Hahn, W. C. Griffith, and B. B. Boecker

This study was conducted to determine the life-span radiotoxicity of 91YC13 in Beagle dogs. Yttrium-
91 is of interest as a beta-emitting radionuclide with a relatively short half-life that occurs in abundance in operating
light-water nuclear reactors. After 91Y is inhaled in relatively soluble chemical forms, it translocates from the
pulmonary region primarily to liver and skeleton. It is, however, retained in the lung long enough to deliver
a large portion of its dose to that organ. 9 1Y was selected for study as a representative radionuclide because
of its potential for human inhalation exposure in the event of a nuclear reactor accident.

Forty-two dogs, equal numbers of both sexes, inhaled aerosols of 9tYCI3. The dogs were 12 to 14 mo
of age (399±14 days) at the time of inhalation. In addition, 12 dogs inhaled the aerosol vector (controls). After
inhalation, the dogs were whole-body counted for 91Y activity to determine the IBB and the long-term retention
of this radionuclide (Range of LTRB was 0.5 to 20 MBq/kg). Health effects were determined by daily observation
of the dogs and by annual medical evaluations that included a physical examination, complete blood cell counts,
selected serum chemistry determinations, radiographs, and a medical history review. Sick dogs were examined
and appropriate tests conducted to establish a diagnosis. Diseases that appeared to be unrelated to the inhalation
of 9 1Y were treated by standard veterinary procedures. As the dogs died or were euthanized, complete necropsy
and histopathology examinations were done. When all the animals in this study were dead, a final review of
the pathology and clinical findings was conducted by a pathologist (A.H.) and clinician (B.M.) to establish and
use uniform terminology and diagnostic criteria.

Early deaths, which occurred in I I dogs from 12 to 33 days after inhalation, were primarily due to damage
to the blood-forming cells in the bone marrow. Severe thrombocytopenia and leukocytopenia resulted in fatal
hemorrhage or acute septicemia. In addition to the animals that died acutely, 21 dogs had moderate-to-severe
changes in peripheral blood cell counts that indicated serious damage to the bone marrow. These changes included
thrombocytopenia, neutropenia, lymphopenia, monocytopenia, and erythrocytopenia. A few of these dogs also
had clinical signs of illness such as ecchymotic hemorrhages on mucous membranes.

The distributions of neoplastic and non-neoplastic diseases in different organ systems in the exposed and
control dogs are given in Table 26. These diseases were classified as either the cause of death or major contributing //
diseases. A major contributing disease was defined as causing moderate-to-severe morphologic changes in tissues
with detected clinical signs, a malignant tumor that metastasized, or a benign tumor that was life-threatening. In
some dogs significant disease was present in more than one organ system and, therefore, dogs may have been
counted more than once. Of the 31 dogs that survived the acute hematologic dyscrasia, 16 (52,%) died from neoplasia,
and 6 (14%) had tumors that were classified as major contributing diseases. In the control population, 6 (50%)
died from neoplasia, and 1 (8%) dog had a tumor that was a major contributing disease. In the dogs that inhaled
91Y, tumor incidence in the respiratory tract appeared to be higher than expected. The apparent increase in tumors
in the digestive system is probably not significant because the tumors were found in different digestive oreans,
and only one tumor that might be related to radiation, an hepatocellular carcinoma, was found in the liver.

Beta dose resulting from the inhaled 91y was delivered mainly to the respiratory tract, liver, and skeleton.
As indicated above, tumors of the respiratory tract were apparently increased in incidence, only one tumor was
found in the liver, and no tumors were found in the skeleton. Effects that were observed in the skeleton occurred
soon after the inhalation exposure and were associated with the bone marrow. Information on the tumors in the
respiratory t ract is given in Table 27. In three dogs, tumors were found in the nose. Two dogs died from lung
tumors, and lung tumors were found incidentally in two other dogs.

Two control dogs and three dogs that inhaled 9tYCI3 had tumors of the mammary glands (not shown
in Table 26). One ern'--d dog had two ýd,,Ino,.nrti4 [lam.;, ard tl'ee z:::;osed dogs had thyroid car.inomas.
One control dog had a thyroid carcinoma.
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In summary, 9 1YC13 inhaled by dogs resulted in an increase in the incidence of tumors of the respiratory
tract, both in the nasal epithelium and in the pulmonary region of the lung. The incidence of tumors of other
organs did not appear to be increased. The effects on the skeleton were confined to the early effects on the bone
marrow causing hematologic dyscrasia. Despite the wide gradation of dose to the skeleton in the 31 dogs that
survived the early deaths, none of the dogs developed bone marrow or bone tumors. Although a wide range
of doses to the liver occurred (0.65 to 10 Gy), only one liver tumor was found. This is too low an incidence
to confidently ascribe this tumor to radiation effects. A much higher incidence of liver tumors and liver degeneration
was observed in the studies of inhaled 1'"CeC], and injected 13 7 CsCI in dogs that received similar cumulative
beta doses to the liver (6.1 to 35 Gy).

Table 26

Primary Causes of Death and Major Contributing Diseases of
Dogs Injected with 9 1YC13 and of Control Dogs

Neoplastic Diseasea Non-Neoplastic Diseaseb

9 1 YC13  
9 'YCl 3

System Exposed Control Exposed Control

Respiratory 5c 0 Sc 0

Hematopoietic 0 0 12c 0

Digestive 6 c 1 Sc 3c

Urogenital 2 c Ic 9 c 5c

Nervous 0 0 5c 0

Cardiovascular Ic 1 12c 3c

Integument 5 C 2 c 0 0

Endocrine 6c 1 2C Ic

Skeletal 0 0 Ic Ic

Other 0 0 4c 1

*Number represents the number of dogs that died with a neoplasm which was considered the
nrimary cause of death or a major contributing disease. There were 46 dogs exposed to
IYC13 and 12 control dogs.

bNumber represents the number of dogs that died with a non-neoplastic disease which was
considered the primary cause of death or a major contributing disease.

CDogs included in this total also appear in other categories.
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Table 27

Occurrence of Cancers of the Respiratory Tracts in Dogs that
Inhaled 9 1YcI3 and Were Followed for Lifc-Span Observation

Relationship

Tattoo to Death Site Morphology

118A PCOD Nose, Epithelium Carcinoma, Squamous Cell

134C PCOD Nose, Epithelium Carcinoma, Squamous Cell

171F PCOD Nose, Epithelium Carcinoma, Squamous Cell

173F PCOD Lung Adenocarcinoma, Bronchioloalveolar
w/Squamous Metaplasia

171B INCDO3 Lung, Right Cardiac Lobe Adenocarcinoma, Papillary, Primary

171B INCDO2 Lung, Right Diaphragmatic Lobe Adenocarcinoma, Papillary, Primary

119A INCDO4 Lung, Left Diaphragmatic Lobe Adenocarcinoma. Papillary

173G INCDO2 Lung, Left Diaphragmatic Lobe Adenocarcinoma, Bronchioloalveolar

174A PCOD Lung, Left Diaphragmatic Lobe Adenocarcinoma, Papillary

PCOD = Primary Cause of Death
INCD Incidental Findings
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3. Late-Occurring Effects From Inhaled 238PuO in Dogs

B. A. Muggenburg, R. A. Guilmette, W. C. Griffith, F. F. Hahn, N. A. Gillett*, and

B. B. Boecker

Plutonium-238 is used as a thermal electrical energy source in spacecraft and in other applications ii' which

a long-term power source is needed. It poses a potential hazard to humans during the manufacture of these power
sources, in the accidental loss of containment from these devices, and from waste of certain nuclear power cycles.
Fortunately, few individuals have been accidentally exposed to 2 38pu; iherefore, it is necessary to obtain information

concerning its toxicity from animal experiments. Inhalation was selected because it is the mostly likely route

of human exposure in the event of an accidental airborne release. The study reported here was conducted in 144
Beagle dogs that inhaled monodisperse aerosols of 23PuO 2. and 24 dogs that inhaled only the aerosol vehicle.

The aerosols were prepared using the method of Raabe et al. (Health Phys. 28: 655, 1975). Seventy-two dogs

inhaled 1.5 um activity median aerodynamic diameter (AMAD) particles, and 72 dogs inhaled 3.0 pm AMAD
particles of 2 3 8 PuO 2. The geometric standard deviations for these distributions were < 1.2, indicating monodisperse

sizes. For each particle size, dogs were exposed to achieve one of the following graded activity levels of ILB:
21, 10, 5, 3, i, or 0.4 kPq 23 8pu/kg body mass. The exposures resulted in ILBs of 37 to 0. 11 kBq/kg body
mass and from 55.5 to 0.37 kI~q/kg body mass for the exposures to 1.5 pm AMAD and 3 pm AMAD particles,

respectively.

Male and female dogs, I I to 13 months old at the time of exposure, were used. All dogs were observed
twice daily for health problems. Yearly physical examinations were given; radiographs of the head, chest, abdomen,

and limbs taken; and blood drawn for cell counts and serum chemistry determinations. Sick dogs had diagnostic
tests performed and except for tumors of the lung, li',er, and skeleton, diseases were treated using accepted standard
veterinary procedures. Dogs that had apparent fatal diseases or signs of discomfort were euthanized. A necropsy
was performed on each dog after death: all major organs and all grossly apparent lesions were sampled for

histopathology.

Average alpha doses to lung, skeleton, and liver were calculated using radiochemical analytical data for
tissue and excreta by the methods of Mvewhinney and Die] (Health Phyr. 45: 39, 1983).

At the end of the study, the clinical records and pathology findings were reviewed by a pathologist and

a veterinary clinician; final diagnoses were reached for all dogs. The findings were classified as: (1) primary

cause of death; (2) major contributing disease; and (3) incidental findings.

The first lung tumor was detected in a dog euthanized behcause vf severe radiation pneumonitis at 966
days post-inhalation exposure (DPE), and the first death due to a lung tumor occurred at 1319 DPE. Lung tumors
were detected in 47 dogs (Table 28); of this group, lung tumor was the primary cause of death in eight dogs

that died from 3.6 to 12.3 years afer plutonium exposure (Fig. 35). Twenty-seven dogs that died from bone

tumors also had lung tumors. The phenotypes of these tumors were primarily bronchioloalveolar carcinomas and
papillary adenocarcinomas that arose in the pulmonary region of the lung.

Skeletal tumors comprised the majority (92 dogs) of the tumors found in the exposed dogs. These tumors
were primarily osteosarcomas that occurred with some site preference in the axial skeleton and head of Zhe humerus.
The first tumor was detected in a dog that died 1125 DPE. Eighty-nine does ,ith bone tumonr as the primary

cause of death (Table 29) died from 3.1 to 13.2 years after inhalation of plutonium (Fig. 1); 22 of the 89 dogs

also had additional primary bone tumors (Table 29).

Liver tumors were detected in 19 dogs and caused the death of tvwo dogs at 6.6 and 13.2 years after
plutonium inhalation (Table 30). In 12 dogs. liver tumors were a major contributing factor in deaths from either

bone or lung tumors. Thirteen of the 19 dogs had a variety of malignant liver tumors; 6 had only benign liver

tumors. Risk estimates were calculated usIng only dogs with malignant tumors.

*Currently at Genentech. Inc., San Francisco, California.
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Table 28

Number of Dogs with Lung Tumors after Inhalation of
23 8 Puo2 Aerosols or Control Exposures to the Aerosol Vehicle

Exposed Control

Primary Cause of Deatha 8 2

Major Contributing Disease

with bone tumors is PCDb 27 0

with liver tumors as PCDb, 2 0

with other diseases as PCDb 6 0

Incidental Finding ..A.,

Total Dogs with lung tumors 47 2

*Two dogs with lung tumors as the primary cause of death also had other
rmaylung tumors of different phenotypes.

1,77 r-Y primary cause of death.
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Figure 35. The time- of death of individua! d')gs. with lung (8), h rle (80,), or liver (2) tumnor-s as the pnrm~ary cause~ of
death is given in re!ationship to the initial lung burden of -34PuO 2. The control dogs are Alv) shown.
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Table 29

Number of Dogs with Bone Tumors after Inhalation of
2 3 8PuO2 Aerosols or Control Exposures to the Aerosol Vehicle

Exposed Control

Primary Cause of Death' S9 0

Major Contributing Disease

with liver tumors as PCDb 1 0

with lung tumors as PCDb 1 0

with other diseases as PCDb 1 0

Total Dogs with bone tumors 92 0

'Twenty two dogs had more than one primary bone tumor, and one of the bone
tumors was the cause of death.

bPCD - primary cause of death.

Table 30

Number of Dogs with Liver Tumors after Inhalation of
233?uO2 Aerosols or Control Exposures to the Aerosol Vehicle

Exposed Control

Primary Cause of Death 2 0

Major Contributing Disease

with bone tumors as PCDAb 9 0

with lung tumors as PCDa'b 3 0

with other diseases as pC)a'b I I5

Teoal Dogs with liver tumorsa 19 2

OSome dogs had multiple primary liver tumors of different phenotypes.
bpCD = primary cause of death.
CAdenorna of the liver.

As ;hown in Fig'ire 35. lung and bone tumor, as the cause of death appeared over simndlir ranges of ILB
and times after exrx)sure. FatAl liver tumor-s occurred at a vmevhat hmo~er ILS and at longer times After plutonium
exposure than lung and bone tumoirs. The first dog died from a hler tumor at 6.6 yr after plutonium inhalation
in comparion to 3.6 yr for lung and 3. 1 yr for bone tuornrs.

Ba.,;ed upon the age-,;pecitic incidence of the tumors, a propo•rtional haiards'mdel waLs used to estimate
the relative risk as the ratio of changes in the aie-'ptic incidence aý. a funstion of the radition dose. The
model used nonpararrietrc estimates of the baseline hazard and aJdmie linear functions of the radiation dose for
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the relative risk, similar to the methods used in the BEIR V Report (NAS/NRC. Health Effects of Etposure to
Low Levels of Ionizing Radiation, National Academy Press, Washington, DC, 1990). Because the relative risk
was a linear function of the dose for dogs that had an ILB of less than 7 kBq/kg body mass, dogs exposed above
this level were not used in the risk estimates. The lifetime risks were estimated at low radiation doses, since
at this level increased mortality from competing causes other than tumors in the lung, liver, and bone would be
unlikely. The mortality rates from these competing causes were estimated from the control dogs. This rate was
combined with the increased incidence for lung, liver, or bone cancer to calculate the excess cancers over the
life span of the dog.

The estimated lifetime risks are 280 lung cancers/103 Gy, 80 liver cancers/103 Gy, and 620 bone cancers/
103 Gy. These estimates are based upon the occurrence of malignant tumors and time to initial diagnosis of tumor
formation judged from periodic radiographs of the dogs.

The original expectation in this study was that the particles of 238pur 2 would be retained in the lung
for very long times like particles of 239PuO 2, resulting in chronic irradiation of lung tissues. It was quickly realized
that the 238PuO 2 plutonium particles were dissolving, and the 238 pu was being translocated to liver and skeleton.
Diel and Mewhinney (Health Phyrs. 44: 135, 1983) hypothesized that the particles fragmented because of the absorbed
alpha dose within particles related to high specific activity of the 23RPu. The resulting dose pattern included the
lung, skeleton, and liver as organs receiving relatively high alpha doses (Mewhinney and Diel, 1983). These
organs then expressed the majority of the late biologic~al effects observed in this experiment, tumors of the lung,
skeleton, and liver. Bone and lung tumors were expressed first and dominated the cause of death for the first
6 years (Hahn, F. F. et al. J. NatI. Cancer hls't. 67: 917, 1981). Liver tumors became important in the final
years of this study. but many of these were not the primary cause of death (Gillett, N. A. er al. Am. J. Pathol.
133: 265, 1988). Bone and liver tumors have been observed in other studies in which dogs have inhaled 238tpuO 2
or been injected with soluble forms of 239 Pu (Dagle, G. E. et al. In Life-Span Radiation Effects Studies in Animals:
What Can They Tell Us? JR. C. Thompson and J. A. Mahaffey, eds.I, p. 471, OSTI, USDOE, 1986; Wrenn,
M. E. et al. In Life-Span Radiation Effects Studies in Animals: WMal Can They Tell Us? JR. C. Thompson
and J. A. Mahaffey, eds. I, p. 32, OSTI, USDOE, 1986). In these studies, as in our study, liver tumors appeared
later than bone tumors (Taylor, G. N. et al. In Life-Span Radiation Effects Studies in Animals: What Can They
Tell Us? JR. C. Thompson and J. A. Mahaffey, eds.], p. 268, OSTI, USDOE, 1986.)

These results have important implications for the estimate of risk to humans that inhale aerosols of 238pu,
because dose patterns are probably similar in dogs and humans (International Commission on Radiological Protection
[ICRP], The Metabolism of Plutonium and Related Elemenes, Ann. ICRP 16, 1986). Risk estimates for alpha-
emitting radionuclides for humans are 70 lung cancers/103 person-Gy for underground miners, 20 bone cancers/
103 person-Gy for 224Ra-injected patients, and 30 liver cancers/103 person-Gy for Thorotrast patients (NAS!NRC,
1990). These risk estimates are lower than those for dogs in this experiment. This may be due to true species
differences or an underestimation of risks for plutonium in humans. Risk considerations must include hone and
liver as important possible consequences in human accident cases, and the effects of retention of 233Pu in the
lung should be considered as different from 23

9pu.
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4. Long-Term Effects of Repeated Inhalation Exposures of Dogs to 239PuO,: A Preliminary Report

J. H. Diel, B. A. Muggenburg, F. F. Hahn, I. Y. Chang, and R. A. Guilmette

Plutonium-239 is a relatively abundant, manmade, alpha-emitting isotope used in nuclear reactors and
explosive devices. The production and handling of this material carries the potential for inhalation exposures

to respirable aerosols, particularly in the dioxide form. Many studies have examined the health effects of inhaled
2 9PuO,. The primary health effect observed in such studies is radiation pneumonitis or pulmonary fibrosis at
early times and lung cancer at later times. There is some evidence that, as in the case of beta or gamma radiation,
dose rate influences the effectiveness of internal alpha emissions in producing lung cancer.

This paper examines the relationship between the dose rate and the production of lung cancer in Beagle
dogs exposed once, resulting in a decreasing dose rate pattern with time, and dogs exposed repeatedly, resulting
in an increasing dose rate pattern with time. Exposure levels were chosen such that the two groups would receive
approximately equal doses over their lifetimes and so that no acute effects were expected. In this study, the dogs

received single or repeated pernasal inhalation exposures to 0.75 pm aerodynamic diameter monodisperse aerosols

of 239puO 2 and were maintained for their lifetime to observe the biological effects of these exposures.

Dogs used in these studies were young adult, purebred Beagles raised in the Institute's colony. Equal

numbers of males and females were used. Each dog was physically evaluated before initial exposure to assure
its general good health and fitness for inclusion in the study. Dogs were first exposed at about I year of age.

Exposure methods for this study have been reported (Diel, J. H. et a!. Radiat. Res., in press). The
23 dogs exposed once received an average of 0.80 +- 0.31 kBq per kg body mass (± standard deviation) of Pu
in their one exposuie to an aerosol of 2 9 PuO,. Thereafter, they were sham exposed semi-annually. Dogs exposed
repeatedly were exposed to aerosols of 2399 PuO 2 semiannually. Exposures were continued for 20 exposures or
until the dogs were either euthanized, died, or were judged in surficiently poor health to be at risk from the exposure

procedure. Each dog was exposed between 12 and 20 times (mean = 18). The 23 dogs received an average
of 0.069 ± 0.044 kBq per kg body mass per exposure. (One dog exposed once was overexposed and died prematurely
of radiation pneumonitis and pulmonary fibrosis. One repeatedly exposed dog died accidentally during its second
exposure. These two dogs are not considered in the analysis and are not included in the above totals.)

A gamma-emitter, t6 9 Yb, was incorporated into the 23 9 PuO, particles as a radioactive tag to measure
initial deposition and early retention by whole-xody counting. Four dogs exposed once and four exposed repeatedly
had excreta collected periodically after exposure up to their time of death to aid in dose calculations. Lung, liver,
tracheobronchial lymphnodes. mediastinal lymph nodes, mediastinal tis'•ue, femur, humerus, and lumbar vertebrae
taken at necropsy were assayed radiochemically for Pu content on all dogs. An analysis of samples from all tissues
was carried out on a small group of dogs to confirm that the vast majority of the Pu activity was located in the
tissues analyzed for all dogs.

Only the dosimetry of the lung is described because the activity found in tissues other than the lung and
associated lymph nodes was less than 5 % of the body burden, and all radiation effects making major contributions
to the deaths of the animals occurred in the lung.

The clearance of Pu from the lunm!s of dogs exposed once is characterized by a two-component, negative-

exponential clearance equation where 71 % of the material is cleared with a half time of 315 days and the remainder
with a half time of 94CAO days. This clearance equation is based on the initial and final lung 1-uwdens of dovs
exposed once and on similar data for dogs sacrificed in a single exposure dosimetry study reported previously

(Guilmette, R. A. er al. bit. J. Radial. Biol. 45: 563. 19S41).

The clearance of Pu from the lungs of dogs repeatcdly exposed to Pu was calculated using the assumption
that the clearance for each exposure was the same as for the dogs expos'ed once. This method of calculation resulted
in good agreement between the calculated lung burden at death and the lung burden measured by radiochemical
analysis of the lung. The resulting lung burdens and dose rates for hth single and repeated exposures are shown
in Figure 36 for hypothetical dogs receiving lung burdens equal to the iverage per exposure for each study.
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Figure 36. Comparison of lung burdens and dose rates for dogs exposed once or repeatedly by inhalation to 0.75 pm
aerodynamic diameter aerosols of 239puO2. Curves represent calculations for dogs exposed to the average
activity in each exposure.

Dogs exposed once lived an average of 10.4 ± 2.8 yr (± standard deviation) after exposure and received
an average dose of 6.7 ± 3.0 Gy to lung. Dogs exposed repeatedly lived an average of 9.8 ± 1.9 yr after first
exposure and received a dose of 7.4 ± 2.3 Gy to lung.

The most common pathologic finding among the dogs was lung cancer. Sixteen of the dogs exposed
once died with this effect as did 16 of the repeatedly exposed dogs. Other. presumably non-radiation related,
cancers occurred in other organs as would be expected in any population of dogs living this long, based on controls
grouped from other studies. These included two dogs exposed once, one with a disseminated sarcoma and the
other with a mammary gland adenocarcinoma, and four dogs exposed repeatedly that died with a pituitary carcinoma,
a transitional cell carcinoma of the bladder, an hemangiosarcoma of the veitebra and a melanoma of the oropharynx,
respectively. Dogs dying of noncancerous effects included three dogs exposed once and three dogs exposed repeatedly.
The primary diagnoses on these dogs included congestive heart failure, immune hemolytic anemia, vertebral disc
herniation, ruptured gall bladder, bronchopneumcnia, and accidental death. Two of the dogs exposed only once
are still alive. Figure 37 shows the survival times ý,nd primary findings at death of the dogs in this study.

The parameter used to compare the effectiveness of the two modes of exposure was the time from first
or only exposure to death with lung cancer. This health effect was chosen because it is the dominant effect in
this study and the primary effect expected from inhalation of insoluble radioactive materials deposited in deep
lung. The Cox proportional hazards model (Cox, D. R. Biometrika 62: 269, 1975) was used for the comparison
of the two modes of exposure. The model considers all causes of death, so that all dogs are used in the analysis.
It was found that the survival time after first or only exposure to death with lung cancer does not depend on
whether the animal was exposed once or semiannually (p = 0.31). Based on this preliminary analysis, for dogs
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exposed either once or repeatedly to obtain a decreasing or increasing alpha dose rate with time, the survival of
animals dying from lung cancer appears to be independent of dose rate and depended only on the total cumulative
radiation dose to lung. Thus, at least for this case based on this preliminary analysis, the dose rate does not
influence the effectiveness of alpha radiation in the production of lung cancer. The final detailed analysis of this
study will be completed when all dogs are dead and the medical records are reviewed.
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Figure 37. Survival of dogs exposed by inhalation to 0.75 pm diameter aerosols of 239 puO0. Circles represent dogs
dying of lung cancer; squares represent dogs dying of other cancers; triangles represent dogs dying of other
causes; and inverted triangles represent live dogs. Empty symbols indicate single exposures, and filled
symbo-s refer to repeated exposures.
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5. Interspecies Comparison of Lun' Tumor Incidence in Laboratory Animals Exposed by Inhalation
to 144Ce in Insoluble Particles

B. B. Boecker, W. C. Griffith, F. F. Hahn, D. L. Lundgren, and B. A. Muggenburg

Fission product radionuclides were the type of radionuclides first studied at ITRI to determine the life-
span health risks of inhaled radionuclides, the influence of various dose and effect modifying factors, and to extrapolate
these results to possible human inhalation exposures for which no direct human data exist. The radionuclide 144Ce*

has been used for a number of these studies aý a "typical* fission product with a moderately long radioactive
half-life (284 days) and energetic beta emissions (E = 1.27 MeV). Studies in which 14Ce has been used in
dogs include investigations of solubility effects in young adults, age-related effects, repeated exposure studies,
and alpha-to-beta comparison studies with 239pu. This report is an interspecies analysis of life-span lung tumor
incidences seen in mice, rats, and dogs after inhalation of 144Ce in a relatively insoluble form. This preliminary
analysis is then used to estimate a lung cancer risk factor for persons exposed to chronic beta radiation from
radionuclides deposited in their lungs.

In the three studies discussed, the animals were exposed once, briefly, by inhalation to aerosols of 1tCeO,
(C57BI16J mice or F344/Crl rats) or t44 Ce in fused aluminosilicate particles, FAP, (Beagle dogs) and maintained
for life-span observation. Multiple dose levels were included in each study to investigate the dose-response
relationship. Detailed methodology for these studies has been given for mice in Lundgren, D. L. et al. Health
Phys. 38: 643, 1980; for rats in Lundgren, D. L. et al. Radiat. Res. (in press); and for dogs, in the 1969-70
Annual Report, p. 183. Ave'age doses to the lungs and other target organs were computed from each animal's
whole-body retention data and tissue distribution data observed in animals that inhaled 144Ce in a similar form

in parallel serial sacrifice studies. Biological effects were observed during life, at necropsy and by histopathological
examinations of tissue specimens. Because the dog studies are being reviewed by a pathologist and a veterinary
clinician to develop final diagnoses, this study is still considered to be in progress. Proportional hazards methodology
was used to analyze and compare the dose-response pasterns observed for the different species used in these studies
(Kalbfleisch, 1. D. and R. L. Prentice. The Statistical Analysis of Failure Time Data, Wiley, New York, p.
55, 1980).

Some numerical details relating to these studies are given in Table 31. The number of exposed animals
ranged between 100 and 200 and the controls between 100 and 400 in each study. Figure 38 shows the patterns
of average pulmonary retention of t4 Ce seen in these three species. As has also been seen in studies with other
inhaled aerosols, the rats and mice had a prolonged early clearance phase that was minimal in the dogs, resulting

Table 31

Experimental Design and Dosimetry Factors for Laboratory Animals

that Inhaled a Relatively Insoluble Form of 144 Ce and

were Maintained for Life-Span Observations

Number of Animals Committed Dose to Lung

ILB Time to 95 % Total Dose

Species' Exposed Control (kBq/kg)b (y) (Gy/kBq/kg)

Mouse 178 400 370-8400 0.95 0.024

Rat 180 115 10-1200 0.95 0.03!

Dog 111 117 0.09-7800 2.5 0.17

aMice were C57B1/61, rats were F344/CrI and dogs were Beagles.
blnitial lung burden expressed as kBq of 14 4 Ce activity in the lung per kg of body mass.

*In this report, use of the term , Ce refers to an equilibrium mixture of 1
4 4Ce-j 44 Pr
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in a long-term retention component in the rodents that represented 1/10 or less of the rnagnitude of the long-
term retention component in the dogs. These differences in pulmonary retention were reflected in the calculated
doses. Because of the relatively fast clearance of t 44Ce from lungs of the mice and rats, they received 95% of
the committed or infinite absorbed beta dose in about 0.95 yr. In the dogs, for which pulmonary retention was
more prolonged, it took 2.5 yr to reach 95% of the committed dose, resulting in a normalized dose commitment
factor (dose to lung divided by the initial lung burden) that was about 5 times larger than seen in mice or rats
(Table 31).
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Figure 38. Pulmonary retention of 144Ce inhaled in relatively insoluble forms by the mouse, rat and dog. These curves
are uncorrected for radioactive decay. For comparison, the pulmonary retention of an ICRP class Y
material in humans is also shown (ICRP Publication 30, Ann. ICRP 2, 1979).

Table 32 gives the total number of lung tumors seen and the relative distribution of tumor types for each
species. For mice, the predominant tumor types were adenomas and adenocarcinomas; for rats, adenocarcinomas

Table 32

Relative Distribution of Lung Tumor Types Seen in Mice, Rats,
and Dogs that Inhaled a Relatively Insoluble Form of 144Ce

and were Maintained for Life-Span Observations

Percent of Tumor Totals

Mice Rats Dogs
Lung Tumor Type (75 Tumors) (23 Tumors) (27 Tumors)a

Adenoma 65 13 0

Adenocarcinoma 28 61 63

Squamous Cell Carcinoma 4 22 0

Hemangiosarcoma 3 4 30

Other Sarcomas 0 0 7

analyses of the dog data are sti;: in progress.
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and squamous cell carcinomas; and for dogs, adenocarcinomas and hemangiosarcomas. The dose-response analyses
given below are based on the numbers of animals with lung tumors. The hemangiosarcomas and other sarcomas
were not included because they usually occurred earlier and at higher doses than the carcinomas. Because adenomas
in mice are considered to be precursors of adenocarcinomas, and the same may be true for rats, adenomas were
included in the analyses.

The proportional hazards calculation of relative and absolute risks was made using relationships (I) - (3).

Proportional hazards: k(t) = ko(t) (1 + 11D(t)) (1)

In this relationship, k(t) is the total age-specific lung tumor incidence rate, ko(t) is the background lung
"tumor incidence rate, 8 is the relative risk coefficient, and D(t) is the cumulative absorbed beta dose to lung to
time t. The relative and lifetime risks are:

Linear relative risk = I + 81D(t) (2)

Lifetime risk = -• S(t) (X(t) - X,(t)) dt, (3)

,vwLre S(t) is the fractional survival at time t.

Figure 39 gives a plot of the estimated lifetime risks of developing a lung carcinoma as a function of
absorbed dose. The close agreement in the responses of these three species is apparent. Numerical values for
the lifetime risk factors for lung cancers, corresponding to slopes of these lines, are given in Table 33. These
lifetime risk factors were quite'consistent among species, ranging from 55 to 88 lung cancers/10 4 Gy, a factor
of 1.5 from lowest to highest. This consistency occurred among three species of laboratory animals differing
greatly in body size, life span, pulmonary retention and dose patterns. Also included in Table 3 are values for
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Figure 39. Lifetime risk of developing lung cancer from chronic beta irradiation resulting from a brief inhalation
exposure to a relatively insoluble form of 14"Ce. All three species were observed over their entire life spans.
Risks were calculated using proportional hazards methods.
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the relative risk factors (6i). These relative risk factors were less consistent among species than the lifetime risk
factors, ranging from 0. 10 to 0.50 /Gy, a factor of 5. The consistency among lifetime risk factors compared
with relative risk factors indicates that the lifetime risk basis may be the best way to compare, across species,

lung tumor risks from chronic bcta irradiation.

Table 33

Species Characteristics, Dose Commitment Factors and

Lung Cancer Risk Factors (Lifetime and Relative) for

Laboratory Animals that Inhaled 1 4 4 Ce in a Relatively Insoluble Form

Body Median Lung Dose Risk Factors

Mnss Life Span Commitment

Species (kg) (yr) (Gy/kBqfkg) Lifetimea Relativeb

Mouse 0.018 2.1 0.024 55 0.35

Rat 0.20 2.2 0.031 88 0.50

Dog 10 14 0.17 70 0.10

aLung cancers/10 4 Gy.
bRelative risk/Gy (.0).

If one assumes that the lifetime risk approach is the best way to compare these lung cancer risks over
different species, what is a reasonable way to extrapolate from chronic beta irradiation to human lung cancer risks?
The consistency of values among the species studied indicates that the best approach at the present time is to assume
that the mean of the risk factors seen in the species, 71 lung cancers/10 4 Gy, applies directly as the human lung

cancer risk factor for chronic beta irradiation.

Alth-ough no human data are available from which to directly compute a lung cancer risk factor for chronic
beta irradiation, lung cancer data from the Japanese atcmic bomb survivors are available for acute external gamma
irradiation. Table 4-3 in the BEIR V Committee Report, Health Effects of Exposure to Low Levelt of Ionizing
Radiation, National Academy Piess, Wa.hington, DC, 1990, gives the risk for cancers in various organs as a

function of age at exposure. Using a human age of 25 y to correspond with the young-adult status of the animals
used in this study, one finds a risk factor of 125 lung cancers/10 4 Sv, which for low-LET radiation is the same
as 125 lung cancers/10 4 Gy. A direct comparison of this risk factor with the risk factor of 71 lung cancers/

104 Gy indicates that chronic beta radiation may be less effective than acute gamma radiation by a factor of about

2. This difference can be considered as a dose-rate effectiveness faf-tor, DREF, between low-LET radiations delivered
(a) briefly at a high rate and (b) over a prolonged period at a low rate. The BEIR V Report and other sources
indicate that DREF factors may be between 2 and 10. Our current estimate, which is consistent with the lower

end of this range, indicates that prolonged beta irradiation of the lung is less effective than comparable radiation
given briefly at a high rate.

In summary, lung cancer was the major long-term health effect seen in mice, rats, and dogs that inhaled

relatively insoluble forms of 144 Ce. When the pronortional hazard method was used to analyze the risks of lung
cancer in these studies, similar lifetime risk factors were found for all three species. This consistency among

species increased our confidence that the mean lifetime lung cancer risk factor, 71 lung cancers/104 Gy, could
be used directly as an estimate of the lung cancer risk factor for humans that receive chronic beta irradiation of
the pulmonary region. This risk factor is about one-half that given in the BEIR V Report for acute gamma exposure

of the lung, implying a DREF of 2 for chronic beta irradiation.
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6. Comparison of Inhaled 239PuO, and fi-Emitting Radionuclides on the Incidence of Lung

Carcinomas in Laboratory Animals

F. F. Hahn, W. C. Griffith, B. B. Boecker, B. A. Muggenhurg, and D. L. Lundgren

Irradiation of the lung in sufficiently high doses is known to result in lung carcinomas. This result has
been demonstrated in popu!ations of patients with ankylosing spondylosis treated with thoracic irradiation, in survivors
of atomic bomb explosions in Japan, and underground miners exposed to radon and radon daughter products. None
of these situations, however, directly applies to chronic alpha or beta irradiation of the deep, or alveolar, portions
of the lung. Such can occur if individuals inhale radioactive particles released in reactor accidewi or waste
transportation accidents. No human populations are available for study that have inhaled particles of alpha- or
beta-emitting radionuclides which deposit deep in the lung. To address this, studies were initiated at ITRI to
establish the dose-response relationships resulting from the inhalation of plutonium dioxide or beta-,mitting
radionuclides with different radioactive halflives. This paper briefly summarizes the dose-response for lung
carcinomas induced by these types of lung irradiation.

Details of the experimental design, animal exposure, dosimetry, and husbandry techniques have been
reported. (McClellan, R. 0. et al. In Life-Span Radiation Effects in Animals. What Can They Tell Us? OSTI,
U. S. DOE, Oak Ridge, TN, p. 74, 1986; Lundgren, D. L., F. F. Hahn er al. Radiat. Res., in press; Lundgren,
D. L., P. J. Haley et al. Radiat. Res., in press.) Beagle dogs were exposed briefly, per nasum, to aerosols of
239PuO, of different monodisperse particle sizes or 90Y, 91Y, 144Ce or 9°Sr in relatively insoluble forms. F344
rats were similarly exposed but only to aerosols of 

239pUO 2 or 144CeO 2 . The animals were observed for their
life spans to observe resulting biologic effects. All animals have died, except for some of the dogs exposed to
239PuO2. The incidence rate for lung carcinomas was modeled as the observed time course for the appearance
of carcinomas using a proportional hazard rate model. The proportional hazards calculation of relative and absolute
risks was made using the following relationships:

Proportional hazards: X(t) - 10(t) (1 + PD(t))

In this relationship, k(t) is the age-specific lung tumor incidence rate at dose D(t), ko(t) is the background
lung tumor incidence rate, t3 is the relative risk coefficient, and D(t) is the time-dependent, cumulative absorbed
dose to the lung. The relative ard lifetime absolute risks are:

Relative risk percy -

Life-time risk per cy ) D S(r) (,(r)-,(¶))dT77t 0

where S(s) is the fractional survival at time s. This method is similar to the techniques used in the BEIR IV
and BEIR V models of risk analysis.

The biological effects from these exposures have beeni do.x"mented elsewhere. (Lundgren, D. L., et
al. Radiat. Res., in press; Lundgren, D. L., F. F. Hahn ond i Die], Radiat. Res., submitted; Hahn, F. F.

and D. L. Lundgren, Radiar. Res., in press; Annual Report on Long-Term Dose-Response Studies of Inhaled
or Iniected Radionuclides (B. B. Boecker et al., eds.), LMF 130, 1991.) Briefly, at the highest doses, animals
died within months to 3 yr with pulmonary injury. t nose living longer (rats > I year, dogs >2 years) developed
a high incidence of lung tumors. Table 34 gives the total number of lung tumors seen, the relative distribution
of tumor types for each species and the types of radiation. The predominant tumor types were, for rats,
adenocarcinomas and squamous cell -arcinomas and, for dogs, adenocarcinomas and hemangiosarcomas. The
hemangiosarcomas and other sarcomas are unusual tumors and occurred at higher doses. The dose-response analyses
are based on the carcinoma incidences.
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Table 34

Distribution (Percent) of Lung Tumor Types in Animals that
Inhaled Radionuclides and Were Observed for Life Span

Rats Dogs

Lung Tumor Type a-emitters fl-emitters a-emitters l3-emitters

Number of Tumors 172 24 108 110

Adenomna 9 13 1 2

Adenocarcinoma 70 62 96 59

Squamous Cell Carcinoma 19 21 . 1 9

Hemangiosarcoma 1 4 0 25

Other Sarcomas 1 0 2 5

Fcr Jogs, the relati;-e risk was c.ti;nated by sum-minc a !inear function of dose and a power function
of dose. The power function applies to the higiher doses, and the linear function of dose predominates over the
power function at doses below 5 Gy for beta irradiation and 0.5 Gy for alpha irradiation (Fig. 40). These analyses
show a reasonable agreement between the lifetime risks for lung carcinomas for rats and dogs for both alpha-

S..and beta-emitting radionuclides.
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Figure 40. Risk factors for lung carcinomas in dogs and rats that inhaled 23QPuO, or beta-emitting radionuclides.
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Lifetime risks of lung carcinomas were calculated by integrating, over the lifetime, the sum of the estimated
lung carcinoma incidence rate at I Gy from the proportional hazard rate model and the mortality rate for competing
causes of death in the control animals. The dose of I Cry was used because it did not cause an increase in competing
causes of death. The lifetime risks of lung carcinomas, per 104 Gy for beta-emitting radionuclides were 60 for
rats and 65 for dogs. For 239PuO, the lifetime risk was 1520 for rats and 2300 for dogs. The ratio of 239 PuO2
risk to beta-emitter risk was 25 for rats and 36 for dogs. Although these ratios are higher than the presently
accepted quality factor of 20 for alpha and x-irradiation. the uncertainties in this analysis would not exclude a
value of 20. On the other hand, the results may indicate that the quality factor of 20 is too low for co'.parir.•:
radiation-induced lung carcinoma incidence of alpha irradiation with that of beta irradiation.
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7. Comparison of Bone Lesions Induced by Irhaled "OSrCI, o: :J3'PuO,

F. F. Hahn, N. A. Gillett*, B. B. Bocxker, R. A. Guilmet:e, and B. A. Muggenburg

Radionuclides inhaled in a soluble torm translocate from the lung to other organs of the body. A frequent
site of deposition and retention is the skeleton. If the dose delivered to the skeleton is high enough, bonte tumors
may result. Both 9°SrCI, and 2"3 PuO, are radionuclides that have induced bone neoplasms in Beagle dogs after
inhalation exposure. In this paper, we compare and contrast the bone tumors induced by these two radionuclides.
The tumors have emissions with widely different energy and linear energy transfer characteristics.

Results were compared from two large dcse-response studies involving dogs that inhaled radionuclides.
Details of experimental design, exposure methods, husbandry and results -f the sp-.ific experiments have beer
reported (Gillett, N. A. et al. J. Nail. Cancer Inst. 79: 357, 1987; Hahn F. F. et aL. J. Nail. Cancer inst.
67: 917, 1981).

Because of the differences in the solubility of the two radionuclides. different patterns of dose rate to
the skeleton occurred in the two life-span studies. The 91SrCI, translocated nipidly to the skeleton. and little
was retained in other organs. In the skeleton, the 4OSr was retained with a half-time of over 5 years. Inhaled
238pUO2 was retained in the lung for a prolonged time with a half-time of greater than 100 days. The retention
pattern was complex because of an increased rate of clearance from the lung beginning at about 100 days atfter
exposure due to breakup and increased solubility of the particles. The increased solubility led, in turn, to increased
translocation to the liver and skeleton. The 230Pu was retained in the skeleton with a half-time of over 5 years.

The total numbers of primary hone cancers observed in the two life-span studies are shown in Table 35.
These tabulations include multiple, primary bone tumors occurring in a single dog.

Table 35

Primary Bone Tumers in Beagle Dogs Exposed by Inhalation to 9 0 SrC-, or 2 3 8 PuO 2

Survival of Dogs

Number of To'.al Skeletal Dose (Gy) with Bone Tumors,
Number Dogs with Number of All Expo•ed Dogs with Days to Death

Radionuclide of Dogs Primary Primary Dogs Median Tumors Median Aler Exposure -

Aerosol Exposed B&nc Tumors Bone Tumcrnr (range) (range) Median (range)

9 0
SrCI., 66 30 42 6014-220) 120 (28-220) 1744 (759-3472)

2 3 8 puo 2  168 92 122 2.0 (0.I-131 2.6 (0-3-9.8) 1938 (1125-4815)

The tumor phenotypes are shown in Table 36. The classification scheme follows that of R. R. Pool (In

Tumors ofiDome.tic Animals, U. of Cal. Press, p. 15 1 , 1990.) Of the 90Sr-indu ed tumors, 62 7c were osteosarcomas.

Of these osteosarcornas, 37% were osteoblastic. but relatively nonproductive, indicating greater anaplasia.

In contrast, 975 of the 238Pu-induced tumors were osteosarcomas. Two-thirds of these osteosarcomas
were osteoblastic, and most were productive, indicating greater diffcrentiatior,, Another po'nt of contrast was

the relatively high perentage of hemangiosarcoma-s (29"i) and telarigiectatic osteo:;arconas (12 %) induced by 9 0Sr.

*Currently at Genentech, Inc., San Francisco, Cadif-nia



Table 36

Phenotypes of Bone Cancers in Beagle Dogs
That Inhaled 90 SrCI2 or 23 8p,0 2(%of Total)

Tumor Phenotypes 90SrC12  
2 3 8puO 2

Osteosarcomas

Osteoblastic 23 63

Fibroblastic 2.4 8.2

Chondroblastic 4.8 11

Combined 17 4.9

Teler~giectatic 12 4.1

Giant Cell 2.4 0.8

Poorly Differentiated 0 5.7

(TOTAL) (62) (98)

Fibrosarcoma 7.1 1.6

Chondrosarcoma 0 0.8

Hemangiosarcoma 29 0

Myxosarcorna 2.4 0

(TOTAL) (38) (2)

The distribution of skeletal location of the primary bone tumors is shown in Table 37. In dogs that inhaled
9(SrCl1 , a majority of the tumors occurred in the bones of the skull and pelvis, and in the ribs and scapula. With
inhaledf 23 8puO 2, a majority of the tumors occurred in the lumbar vertebra, pelvis, and head of the humeruts. This
disttibution of tumors is similar to that shown in studies of these radionuclides administered by other routes, such
as injection, that Live similar radiation dose patterns to the bone (Gillett. N. A. et al. bit. J. Radiat. Res. 61(6):
821, 1992; Miller, S. C. et al. In Lij -span Radiation Effects Studies in Animals-, OSTI, IJSDOE, p. 286, 1986).

Radiation osteodystrophy was frequently present in the dogs exposed ito 238pU. but seldom in those exposed
to 90Sr. In the 23 Sf,,jexposJ dogLs, radiation osteo~lystrophy was characterized by osteitis fibrosa. osteoscle'rosis
and, rarely, osteoporosis. Of the 92 dogs with bone tumors, radiation osteodystrophy was detected in 67 (735).
The vertebra and humerus were the bones most frequently involved, but the rib and femur were involved in some
cases.

Radiation osteodystrophy in the 50Sr-exposed dogs was characteriz~d by hone infarction, microinfarction
cavities, peritrab-ecular fibrosis, and new bone formation. These lesions %~ere minimal and were observed primajril '
in rib sections of dogs dying prior to 1300 days after exposure. Of the dogs dying from primary bone tumnors,
seven (23%) had minimal lesions of radiation osteodystrophy in non-neoplastic bone adjacent to the tumors;. Thus,
radiation osteodystrophy is probably not a ne,'essary antecedent of hone neonlasia injduced b, either 235pu or 9OSr,
but mazy frequently accompany the proces-s.
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Table 37

Distribution of Skeletal Location of Primary Bone Tumors4
in Beagle Dogs Exposed to 9 0 SrCI2 or 238p,

(% of Total)

Skeletal Location 90srC12  238 Pu0 2

Axial

Skull 26 3.3

Vertebra, Cervical 4.8 6.4

Vertebra, Thoracic 2.4 18

Vertebra, Lumbar 2.4 15

Pelvis (including sacral vertebrae) 14 13

Rib 19 3.3

Sternum 0 3.3

(TOTAL) (69) (62)

Appendicular

Scapula 12 5.6

Humerus 7.1 25

Femur 4.8 5.6

Tibia 7.1 1.6

(TOTAL) (31) (38)

The results of these two studies show that the alpha-emittinL' radionuclide. 2"Pu. induced pnrmary INone
canerstha '.ere79~osteosarcomas, primarily of the vertebra. pelvisndhmr.Thbtamttnrdiucd,

9 nSr, induced h~one cancers that were osteosarcornas, hut included a significant number ofthernanviiis'rcomas (294~).
The tumors were pirmarily of the skull, rib. pelvis, and scapula. Radiation (1-teodystrophy wras a fr,-qucnt finding
with 13p expo~sure. but rare with ~'4'Sr expo~ure. In n-2ither case. how~ever, did r'adiation osteod,,strophy appear
necessary for the neoplastic process.

The differences in distribution of bo4ne tumcors induc:ed by - "PuO, or ("0 SrCl, probabI), relate to the knos~n
differences in distribution of the radionur'clid-,s in !he ~keleton and the dlose delivered to critical cl.For examiple.
the occurrence of 23 '1Pu-induced skcletail malieniancies hai.ý been correlated %kith ce~rtain tissue characteristics (Millcr.
S. C. et a., 1 986). Those hones wxith incrva~ed ti'ue metAbolism. AS indicated by osteoevnic cell numbhers, increase
the ik.itial uptake of plutonium arid the expression of skeletal kcancers.
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8. Effects of Age and Antigen Exposure Upon In Vitro Production of Tumor Necrosis Factor in
the Dose

D. R. Davila*, S. E. Jones*, D. E. Bice. and P. J. Haley

Respiratory infections are a primary cause of morbidity and mortality in the elderly (Ishii, T. et a'. Age
Ageing 9: 81, 1980) and may occur because of diminished local immune responses in the lung. The strength
of the immune response to antigen in the lung depends upon the intensity of local inflammation (Kaltreider, H.
B. Am. Rev. Respir. Dis. 113: 347, 1976). In aged dogs, antigen-induced inflammation in the lung is weaker
than it, younger dogs (Bice, D. E. and B. A. Muggenburg. Am. Rev. Respir. Dis. 132: 661, 1985). For this
reason, we investigated the effects of age and antigen exposure upon a cell that plays a central role in the pulmonary
inflammatory response, namely, tne pulmonary alveolar macrophage (FAM). We examined the ability of PAM
to secrete tumor necrosis factor-a (TNF-ca), a pleiotropic mediator of both the inflammatory and immune responses.
The ability of nonactivated macrophages to respond to TNF-inducing stimuli in vitro is altered with age in some
animal models (Davila, D. R. et al. FASEB J. 4: 2906, 1990). We speculated that a change in the ability of
PAM to secrete TNF-0t with age might also accompany the diminished inflammatory and immune responses to
antigen in the lung.

We immunized I 1 aged (12-17 years-old) and 12 young (2-3 years-old) dogs with sheep erythrocytes
(SRBC) in the left cardiac lung lobe, with keyhole limpet hemocyanin (KLH) in the right cardiac lobe. and with
saline in the right intermediate lobe (primary instillation). We used KLH and SRBC so that the effects of both
soluble (KLH) and particulate (SRBC) antigen on immune responses could be compared. After 9 days, we lavaged
the lung lobe,3 of 5 aged and 6 young dogs and sacrificed the animals for tissue collection. Twenty-one days
after primary antigen instillation, we again instilled antigen or saline into the same lung lobes of the remaining
6 aged and 6 young dogs (secondary instillation). these dogs were lavaged and sacrificed 7 days later. We isolated
peripheral blood monocytes, splenic macrophages, and PAM from each lung lobe and tested the ability of these
cells to secrete TNF-ce in vitro in response to lipopolysaccharide (LPS) as described (Lorence. R. M. et al. J.
Natl. Cancer Inst. 80:1305, 1988). We correlated amounts of canine TNF-a to a standard curve of human recombinant
TNF-(x, and reported results as units of TNF-a per million macrophages. The Student's t test was used to compare
aged and young values at either the primary or the secondary timepoints,

Figure 41 shows the units of TNF-a produced by PAM from aged and young dogs at the primary and
secondary timepoints. Each panel depicts TNF-a secretion by PAM from a different lung lobe: sline-instilled,
KLH-instilled, or SRBC-instilled. At the primary timepoint, instillation of either KLH or SRBC into lung lobes
resulted in an overall lowering of in vitro TNF-Ci secretion by PAM from these lobes, when compared to the
saline-instilled lobes. In other words, PAM from antigen-instilled lung lobes became tolerant to LPS-induced
TNF-a secretion. However, PAM from aged dogs were markedly less tolerant than were PAM from young dogs
at the primary timepoint. as indicated by the significantly greater (p < 0.05) secretion of TNF-ct by aged than
by young dog PAM. By the secondary timepoint, PAM from KLH- or SRBC-instilled lobes secreted similar
amounts of TNF-a in aged and young dogs. In addition. PAM from saline-instilled lobes also became somewhat
hyporesponsive to LPS stimulation in vitro After secondary antigen exposure.

The secretion of TNF-a by periphrral blood monocytes and splenic macrophages is presented in Figure 2.
This figure shows that while TNF-ci secretion by splenic macrophages remained relatively con..-tant 'Aith age and
antigen exposure, peripheral blood monocyte production of TNF-ax lluetmatcd according to the exposure timepoint.
in both aged and young dogs. We have found in our laboratory that normal baseline secretion of TNF-(X by
peripheral blood monocytes trom young dogs is approximately 126 units per million monocytes
(n = i I). Data in Figure 42 show that the secretion of TNF-(x by monocytes from young dogs did not change
from this baseline value at the primary timepoint, but increased after secondary antigen exposure.

Our data showed that LPS-induced secretion of TNF-at by monocytes or macrophages in vitro depends
upon the age of the donor animal, tissue of origin, and primary or secondary antigen exposure. Primary antigen

*Postdoctoral Fellow
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instillation caused a more pronounced refractory state in PAM from young than from aged dogs. This indicated
that PAM from aged dogs could not respond to, or did not receive, in vivo signals that induced a tolerant state.
Work conducted in these same animals showed that primary antibody responses to both KLH and SRBC were
very low in aged dogs after primary antigen exposure, but increased dramatically at the secondary timepoint (Jones,
S. E. et al. Mech. Ag. Dev., submitted). After secondary antigen exposure, PAM from aged dogs also became
refractory. These results link tolerance induction in PAM to the vigor of the antibody response and suggest that
the state of activation of PAM plays an important role in the diminished immune response in the lungs of aging
dogs.
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II. UNIVERSITY OF UTAH LIFE-SPAN

STUDIES IN DOGS
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A. SPECIFIC PROJECT OBJECTIVES

In 1950, the U.S. Atomic Energy Commission initiated a series of long-term radionuclide toxicity studies
in Beagles. At that time, the use of 239Pu for weapons and as a potential source of nuclear fuel was increasing,
and plutonium production was a rapidly expanding industry. Because of the known toxicity of radium in humans,
the potential toxicity of plutonium was recognized. The original studies at the University of Utah were designed
to determine the relative toxicity of 239Pu and 226Ra. Because some human radium toxicity data were available,
the animal studies were originally designed to reflect the human experience with 226Ra, providing a basis for
extrapolating the long-term toxicity of other internally deposited radionuclides, particularly plutonium from animal
studies to humans. As detailed below, the life-span effects of other nuclides were also included in this project.

The Beagle dog was selected for these studies because of concerns that erroneous predictions of. human
health effects might be made if shorter-lived mammals, such as rodents, were used. These concerns included
the possibilities that the radiation-sensitive cancers would only be expressed in animals with longer lifespans and
that 'he target organs might be different in rodents than in humans. Because skeletal tissues were recognized
as a primary target organ for radium and plutonium toxicity, further consideration was given to the Beagle because
it has skeletal characteristics similar to those of humans that rodents do not have.

The major scientific questions that have been, and continue to be, addressed in the life-span radionuclide
studies conducted at the University of Utah include:

1. What are the biological distribution and retention patterns of these nuclides?

2. What types of cancers are produced?

3. What are the dose-effect relationships?

4. Can differences in retention and distribution be used to predict biological response?

5. Does age at exposure influence biological response?

6. What biological factors are important in biological tissues for the expression of radiation effects?

7. What are the target cells for cancer induction?

8. What are the cellular and molecular mechanisms of cancer induction by internally deposited
radionuclides in different organs'?

9. Can reliable models be developed for predicting risk to humans?

B. EXPERIMENTAL APPROACHES

1. General Procedures

Two general types of studies have been conducted in dogs: life-pan studies and sacrifice studies. In
life-span studies, the toxicity of selected radionuclides i, heing studied, and the dogs are allowed to live out their
life spans, unless sacrifice is indicated for humane reasons, such as to prevent pain. In sacrifice or test studies,
dogs were injected with radionuclides to study the mechanisris of deposition, retention, and specific radionuclide-
tissue interactions.

M'ost of the dogs in the toxicity studies received a single intravenous injection of radionuclide, usually
in citrate solution, at 16 to 18-mo old, -,hen th~ir skeletal maturity corre.sponded to that of an 18-yr old radium
dial painter or plutonium worker. In addition, some does wkere injected with 2 3Qpu or 2:6Ra at 3-too old (to
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represent children) or 5-yr old (to represent middle-aged persons). The dogs were confined in metabolism cages
I wk before injection and 3 wk after injection (for excreta collection). Exceptions were the dogs receiving one
or a series of 10 or 50 injections of 224Ra starting at 21-mo old. These dogs were not confined after injection
because the period of injections extended to about 1 yr. In addition, confinement could have interfered with important
biological functions.

Each dog in a toxicity study has been followed clinically from the time of injection to death. At death,
each dog receives a complete gross necropsy examination, including radiographs of defleshed bones to identify
possible tumor sites that are then examined histologically. Histopathological examinations are performed on both
the radiation-induced and naturally occurring lesions. These results are then analyzed with regard to the average
and local radiation doses received by the affected tissues. Various dose-response relationships are tested for their
appropriateness and usefulness in predicting the human health risks for such an exposure.

Because of the maturity of a number of these studies, current emphasis at the University of Utah is directed
to activities necessary to complete the studies and publish the results. The radiochemical, metabolic and dosimetric
data for both completed and continuing toxicity studies are being collected, collated, and archived. The distribution
and local dosimetry of the radionuclides are being studied by using materials collected from both the toxicity and
test animals. Average retention, dose, and dose-rate functions for liver and skeleton are being calculated and
studied as functions of age at exposure, exposure level, and time after exposure. The occurrence, type, location,
and latent period of radiation-induced cancers will be studied both as functions of local or average dose and of
dose rate. Dose-response curves are being constructed to extrapolate the health effects seen in these dogs to human
health risks.

A critical aspect of this research is the preparation of a complete biological record for each dog and assembly
of the observations into a clinical and pathology data base that can be used with the detailed dosimetric data to
establish meaningful dose-response relationships for the various radionuclides that have been studied in this program.

The final products of these efforts are publications in the peer-reviewed literature dealing with the observed
dose-response relationships and health risk estimates and with a wide range of underlying metabolic, dosimetric,
and mechanistic studies. The above efforts are divided between scientists at the University of Utah and the ITRI.

2. Study-Specific Features

This research effort addresses the completion of 14 major life-span studies of dogs given single or multiple
intravenous injections of different alpha or beta-emitting radionuclides. The studies included and the time intervals
during which dogs were entered on study are described below:

a. 239Pu (Injected from 1952-1974)

Initially, the injected dosages ranged from 0.59 kBq/kg (0.016 uCi/kg) (termed "l-level') from which
no harm was predicted, up by a sequence of levels to 106 kBq/kg (2.86 uCi/kg) (termed "5-1evel") from which
severe injury occurred, including hematological damage. liý,er degeneration and neoplasia, and bone fractures and
sarcomas. However, in 1964, when an osteosarcoma occurred at the supposedly safe, I-level, several lower levels
were introduced. The lowest level, 0.022 kBqlkg (0.0006 uCi/kg) (the 0. I-level), resulted in an average skeletal
dose of about 0.02 Gy (2 rads) at death. Among the 28 dogs treated at the 0.1 level, one developed a bone
sarcoma and another an epidermoid carcinoma of the frontal sinus; both cancers may have been induced by the
239Pu. The selective deposition of 239pu on bone surfaces makes this radionuclide the most effective of any studied
at the Rad7obiology Division for inducing bone sarcoma at low doses, per rad of average of skeletal dose. 239 pu
also deposits throughout the liver and induces liver cancers.

b. 226Ra (Injected from 1953-1970)

226Ra enabled the relative toxicity of 239Pu vs. 226Ra to be established in Beagle dogs, so that the known
toxicity in the U.S. radium dial painters could be used to predict the risk to humans from 239 Pu-induced bone
sarcoma. 226Ra is chemically similar to calcium and deposits throughout the hone %olume, especia!!y in regions
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of active growth. The average skeletal dose for each dog was based on the measured retention of 226Ra and progeny.
In Beagle dogs, 226Ra at higher dosages produced bone fractures. Bone sarcomas were induced over a wide range
of doses. These effects were also seen in the radium dial painters.

C. 2281R (Injected from 1954-1962)

228Ra was included in th- ;e studies because it was received by many of the radium dial painters. In

terms of average skeletal dose, 228Ra was about twice as effective as 226Ra for inducing bone sarcoma. The difference
may be largely due to the fact that some 228Ra progeny are likely to redeposit on bone surfaces. An important
spinoff from the study of 228Ra in dogs was the discovery that the physical half-life of 228Ra is 5.77 ± 0.02 yr,
not 6.7 yr, as was earlier reported by Lise Meitner. Correcting for the proper half-period increased the calculated
dose from 228Ra in the dial painters by about a factor of two over earlier estimates.

d. 228Th (Injected from 1954-1963)

228Ra decays to 228Th, and there was early concern that the intestinal absorption of the 228Th in dial

painters might be high. Later, it was found that absorption of 228Th from the human GI tract was low, about
0.02% compared to 20% for radium. However, the 228Th toxicity data from Beagle dogs proved very useful
for evaluating the risk from radionuclides in the proposed Thorium Breeder Reactor.

e. 90Sr (Injected from 1955-1966)

90Sr toxicity was evaluated because of worldwide concern about radioactive fallout from atmospheric r iclear
weapons testing. Few effects were observed at average skeletal doses below 50 Gy (5000 rads), but bone sarcomas
occurred frequently at higher doses. Most interesting was the relative ineffectiveness ofg9Sr in producing leukemia
in adult Beagle dogs. This observation agrees with the low frequency of myeloproliferative syndrome (MPS)
observed in Beagle dogs at the University of California, Davis, that were injected with 90Sr as adults. However,
a high incidence of MPS was observed in the Davis Beagle dogs exposed to a high dosage of 90Sr adminis',!red
by feeding from fetal age to adulthood.

f. 241Am (Injected from 1966-1975)

241Am was the first transplutonium radionuclide to be evaluated for toxicity in Beagle dogs at the University

of Utah. Because of strong interest in 24 1Am, especially by Charles Dunham, Head of the AEC's Division of
Biology and Medicine, the original test study was expanded into a full-scale toxicity study, with about 12 dogs
per dosage level. Control dogs concurrently assigned to the low-level studies of 239pu and 226Ra were considered
suitable as controls for the 24tAm studies. In 1975, the number of Beagle dogs at the I- and 1.7-levels was increased
to 26 and 24 dogs, respectively, to study the induction of liver cancer by alpha-emitters more extensively. The
liver retains more 24 1Am than any other monomeric radionuclide studied in Beagle dogs at the University of Utah.

g. 249Cf (Injected from 1971-1974)

249Cf, which emits alpha-particles in 100% of its decays, was the next transplutonium radionuclide to
be investigated. Fortuitously, tracer amnounts of beta-emitting 24"Bk were present with the alpha-emitting 249 Cf,
making it possible to establish that the microscopic depositions of Bk and Cf were similar.

h. 252Cf (Injected from 1971-1973)

252Cf releases half of its decay energy in alpha-particles and half in extremely densely ionizing fission
fragments. The 252Cf and 249Cf studies were run simultaneously in Beagle dogs and in mice. In the mouse studies,
the fission fragments of these radionuclides were much lc, eff-ctive than alpha particles per Gy of average skelctLd
dose for inducing bone sarcoma. It is already ohviotis that the fission fragment dose is much less effective than
the alpha-particle dose for inducing bone sarcoma in Bea:qle dog-'. This informrtion is significant to the astronaut
who may receive appieciable radiation dose to bone from extrtnely densely ionizing cosmic rays.
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i. 2 3Es (Injected from 1973-1974)

Einsteinium (element 99) was the highest element on the periodic chart to be investigated for radionuclide
toxicity in Beagle dogs. Einsteinium appeared to resemble Cf most clos;ely in its excretion, retention and tissue
distribution. No bone sarcomas occurred among the five toxicity-study Beaglh dogs injected with 253Es, excluding
the one dog that subsequently received a large dose of 249Cf. This suggests that 253Es, which delivers its dose
with a 20-day half-life, is not appreciably more toxic than the other transplutonium elements studied.

j. 224Ra (Injected from 1977-1979)

Toxicity studies with 224Ra (T,/2 = 3.62 days) were undertaken to understand the modifying effect of
protraction on the dose-response of 224Ra observed in Germrn ankylosing spondylitis patients. Four graded-dose
levels were administeed over three injection spans. Group.; 1-2 received their 224Ra in 50 weekly fractions to
correspond to the average injection span in German children; Groups 41-52 received a single injection, and Groups
81-92 received 10 weekly injections to correspond to the more recent treatment used in Germany for ankylosing
spondylitis. Most of the 224Ra given the Beagle dogs was prepared by Amersham-Buchler in Germany, which
also prepared the 224Ra for the German ankylosing spondylitis patients. The studies of 224Ra in Beagle dogs
are among the most important with respect to understanding the mechanisms of alpha-particle-induced cancer. The
short half-life of 224Ra causes some of it to decay on bone surfaces and some to decay within the bone volume,
giving a local distribution of dose in bone somewhat similar to that from "29Pu. In the Beagle dogs receiving
2.8 Gy (280 rad) from 224Ra injections protracted over 50 wk, the bone sarcoma appearance times and incidences
were similar to those observed from the same skeletal dose from 239pu. It remains to be seen, however, what
the effectiveness of 224Ra will be at lower doses and shorter protraction times. The 224Ra study, being the most
recent, !.as the largest number of living dogs.

k. Toxicity Studies in Immature and Aged Beagle Dogs

Because of concern about the effects of radionuclides on members of the general public with widely different
ages, the studies in Beagle dogs were expanded to include administration at 3-months old (to represent children)
and 5-years old (to represent middle-aged adults). 239pu was selected as the bone-surface-seeking radionuclide
of greatest concern, while 226Ra was chosen to represent the bone-volume seeking radionuclides. Much attention
has been given to the effect of changing distribution of radioactivity with age in these dogs and to the associated
biological effects.

C. CURRENT STATUS OF THE UTAH STUDIES

1. General Overview

The current status of the 14 life-span radionuclide toxicity studies initiated at the University of Utah is
given in Table 38. On September 15, 1987, all living dogs in these studies, 157, were moved to the ITRI colony
for continuation of their care and biomedical evaluation for the remainder of their lives. Between September 15
1987 and September 30, 1990, 96 of these transferred dogs died. During the past fiscal year, an additional 26
dogs died, resulting in a population of 39 living dogs on September 30. 1991. These deaths reflect the maturity
of these studies and the dogs in them at the time of transfer. The 39 living dogs are about 3 % of the total population
of dogs entered into these studies. These living dogs are part of the populations in three studies, the 224Ra study
in young adult dogs and the studies of 226Ra o," 239Pu in immature dogs.

The research currently devoted to the Utah efforts fall into three main areas: 1) continuation of the care
and study of dogs still alive in thL., six studies, 2) detailed dosimetric studies, at the organ aid local levels, of
these injected radionuclides and the factors that influence these dose patterns and 3) completion of final reviews
of biological materials and data, compilations and analysis of data. and preparation of final study reports for publication
in the open, scientific literature. Section IV.C. provides a listing of previous document reports on these studies,
summaries of current research highligh-.ts and a disLussion of current, and future wrapup activities for these studies.
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Table 38

Current Status of Life-Span Radionuclide Toxicology Studies in Beagle Dogs IaitWats at tie
University of Utah and Being Cc-tinued at the Inhahaioo Toxicology Rewr..h Institute

(9/30/91)

Dogs Dogs Number ,
Age at Radionuclide Injection Entered Transferred Alive FY-1991 ,Jive

Injection njected Year in Study 9/15/87 9/30/90 DeathA 9/30/91

16-18 no 2 39 pu 1952-1974 286 11 1 I 0

(young adult) 2 26 Ra 1953-1970 164 0 0 G A

228R, 1954-1962 89 0 0 0 0

22 8 nh 1954-1963 94 0 0 0 0

90Sr 1955-1966 96 0 0 0 0

24 1Am 1966-1975 117 8 0 0 0

2 49 Cf 1971-1974 36 5 0 0 0

252Cf 1971-1973 36 3 0 0 0

253Es 1973-1974 6 0 0 0 0
2 2 4Ra 1977-1979 128 78 36 14 22

239pu 1972-1978 75 24 13 4 93 mo.

(immature) 22 6Ra 1975-1978 54 24 11 3 8

5 yr. 239pu 1975-1978 34 3 0 0 0

(aged) 22 6Ra 1975-1980 34 1 0 0 0

Total 1249 157 61 22 39

D. COMPLETION ACTIVITIES FOR THE UTAH STUDIES

Because of thejoint lTRIRULah involvement in the completion of Utah studies, lead roles have been assigned

for the various studies as shown in Table 39. In the studies in which most or all of the dogs have already died,

Utah has the lead role, whereas ITRI will assume the lead role for those studies that will be completed later.

Present wrapup emphasis is directed toward the studies in which young adult dogs were injected with 226Ra or

239Pu. The strategy for the analysis of each study includes a thorough review of all records including pathology,

clinical, radiographic, dosimetric, radiochemical, and metabolic. For each stady, a series of milestones has been

established and specific oversight assignments given to specific investigators. The primary goal is to produce

a document that summarizes all data in the study. In addition, numerous ;nmaller. more specific papers are being

published as the work progresses.

An example of the working "Milestone 3chedule" for the Radium Young-Adult study is shown in Table

40 and its detailed footnotes. A similzr schedule has been develop,'ed f, r the 239 Pu study as shown in Table 41.

The appended footnotes explain some of the analyses being done for this wrap-up effort. The same types of approaches

will be used in other study completion efforts to follow as appropriate.
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Table 39

Currently Planned Division of Efforts to Complete and Publish the
Lifetime Toxicity Studies in Beagle Dogs from the University of Utah

Radionuclide Age Category Lead Institution
22 6Ra Young Adult U. of Utah

90Sr Young Adult U. of Utah23 9pu Young Adult U. of Utah
228 Rh Young Adult U. of Utah

228Ra Young Adult U. of Utah

22nYoung Adult U. of Utah/IR
Am Young Adult U. of Utah/1TRI

249Cf Young Adult U. of Utah/ITRI
252Cf Young Adult U. of Utah/ITRl

2 5 3Es Young Adult U. of Utah/ITRl

226Ra Aged U. of Utah/ITRI

239p. Aged U. of Utah/ITRI

2 26 Ra Immature ITRI

22 4 Ra Young Adult ITRI

94 9u mmtue TR



Table 40

Milestone Schedule for Completion of
Summary Report on 226p& Young Adult Dog Longevity Study

(September 30, 1991)

Topic Status

Historical review Complete

Experimental designs Complete

Histopathology, SNOMED a Complete

Expanded controls b, SNOMED Complete

Metabolism, retention

General c Complete

Model developed from new data from individual bones and plasma Pending

Gross dosimetry e Complete

Survival analyses f

Low doses Complte

High doses Pending

Dose-response (bone tumor incidence) g Complete

Hematopoietic, lymphoid response

Somr'mary of old data h Complete

Final tumor data i Complete

Other soft tissues J Pending

Skeletal tissues

Skeletal tumor, verification Complete

Skeletal tumor, location i Complete

Radiography k Pending

Histology, microradiography Pending

Fractures m Complete

Tooth loss n Complete

Local dosimetry 0 Pending

Jaw syndrome n Complete

Discussion and summary P Pending

Review and submission q Pending

a SNOMED: Systemized Nomenclature of Medicine, College of American Pathologists. This is the

standardized database for all histopathology. This databa-e is on a Digital microVAX system and is

transferred to the National Radiobiology Archive.

b Expanded controls: In addition to the control dogs assigned to this study (RO.0), controls from other studies

have been included in many of the analyses to increase the validity of comparing radiation and nonradiation
effects. These controls are included in all models and statistical empiiripa )ns.
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Table 40

. General metabolism: The metabolism of radium (and some other nuclides) is determined from the 'test*

animals and not the "chronic toxicity* animals. There were serial sacrifice studies done for early
distribution, localization, and dosimetric studies.

o Plasma: Results from a shorter term metabolism study are pending. These data will allow more precise

determinations of bood nuclide levels and improvements in present metabolic models.

Gross dosimetry: Average skeletal dose calculated for each dog.

f Survival analyses: Presently, Cox proportional hazard models are being applied for survival analyses to the
different dose groups. The statistical models are complicated by a number of factois including the need to
censor animals with epilepsy, and use of control and treated animals over 3 decades with improved life
expectancy due to improved veterinary practices. Initial analyses with low dose groups have been published.
Analyses are continuing in higher.dose groups.

Tumor incidence: Emphasis is on skeletal tumors. Only those tumors that were verified histologically are
included in these analyses. in some cases, the histological diagnosis may be disputed. The location of the
tumors is documented from clinical, necropsy and radiographic records. The location of the tumors and the
apparent type of tissue or origin (e.g., cancellous or cortical bone) become very important parts of the
skeletal dosimetry studies.

h Old hematology data: Due to the bone-seeking nature of these isotopes, it was originally believed that hermic

tumors would be an important consequence of radionuclide exposure. This was not observed in the human
or the early animal studies, and a programmatic decision was made by the A.E.C. to end the detailed
hematopoietic studies in the early 1970's. We are now attempting to reconstruct the data that were collected
to that date. Unfortunately, there was little hematological information obtained after that date.

Final hematological tumor data: The final incidence of hermic and lymphoid tumors is verified.

J Other soft tissues: Although not historically emphasized in these studies, all tissues are being reviewed, and
the data tabulated. Particular emphasis has been placed on the liver, mammary glands, kidney, thyroid, and
eyes. It has been noted, for example, that the dial painters appear to have a higher incidence of mammary
tumors (perhaps from external and not internal exposures).

k Radiography: Radiographic summaries are prepared on each dog and entered into the clinical record on th±

database. Attempts are also being made to quantify some dose-response relationships in the radiographs.

This effort is complicated by the fact that there are substantial changes in the skeletal tissues that may be
attributable to aging seen in many, but not all dogs. Presently a descriptive summary is being prepared.

SHistology and microradiography: A summi-nry of the histology (independent of skeletal tumors) and
microradiographic changes is being prepared.

Fractures: Increased fracture occurrence is a known consequence of Ra exposure. The incidence and

location of fractures has been updated and summarized.

Tooth loss and periodontal tissue changes are also known to occur with Ra exposure. The loss of teeth and

the rate of tooth loss have been determined and are correlated with increasing dosages. The changes in oral
tissues (jaw syndrome) are documented and summarized.

0 Local, cellular dosimetry: This productive effort involves collaboration with Dr. Erich Polig, Karlsruhe,

Germany. Dr. Polig spent about 4.5 years in our laboratory and developed and applied an automated
scanning microphotometer system for the radium dosimetry studies. From these data and companion biology
-tudies, extensive cellular dose models have been constructed and published.

P Summary: The summary will be considered complete when the items identified above are finished, with the

exception of the local dosimetry program which will continue.

q Publications are submitted to peer-reviewed journals. In addition to the 'Summary Paper(Ws), a number of
articles dealing with specific scientific issues will continue to be published in appropriate journals.
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Table 41

Milestone Schedule for Completion of
Surrmmary Report on 239pu Young Adult Dog Longevity Study

(September 30, 199 1)

Topic Status

Historical review Pending

Experimental designs Pending

Histopathology, SNOM ED

Clinical sumrmaries Complete

Radiographic summaries Pending

Metabolism

General Complete

Short term studies Pending

Gross dosimetry Complete

Soft tissues - dosimetry Complete

Liver, kidney, spleen Pending

Other soft tissues

Dose-response

Tumor incidence

Skeletal Pending

Soft tissue Pending

Survival anly'es

Low doses Complete

Higher doses Pending

Hematology Pending

Skeletal tissues

Skeletal tumor, Complete

Skeletal tumor, location Complete

Radiography Pending

H1istology Pending

Microradiography Pending

Autoradiography Pending

Fractures Pending
Jaw Pending

Local dosimetry Pending

Soft tissues

Liver Complete

Gonad Complete

Other Pending
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E. RECENT RESEARCH ACCOMPLISHMENTS

I. Eye Tumors and Other Lesions Among Beagle Dogs Given 90Sr OR 226Ra-

R. D. Lloyd, G. N. Taylor, W. Angus, F. W. Bruenger, and S. C. Miller

It is well-known that dogs and other animal species injected with radium (Ra) (or with other radionuclides
"that have Ra isotopes as progeny) exhibit radiation effects in the eye, including pigmentary changes and tumors.
especially intraocular melanomas (Taylor, G. N. ei al. Radial. Res. 51: 361, 1972; Taylor, G. N. ef al. In Riskr
from Radium and Thorotra•i, BIR Report 21, British Institute of Radiology, London, p. 86, 1989). Cumulative
radiation dose to the eye was similar to the cumulative dose to their respective skeletons in our Ra-exposed Beagle
dogs. Intraocular melanomas have also been reported as resulting from the 90Y beta radiation originating in bony
structures near the eye of Beagle dogs containing skeletal deposits of 9°Sr (White, R.G. et al. In Joint Bone
Radiobiology Workvhop, USDOE Report UCD-472, p. 17, 1991), with the cumulative dose to the eye averaging
up to about 20% of the respective cumulative skeletal doses. These results prompted us to examine the data from
the Utah Beagle dog colony to determine whether a similar effect on eye tumor occurrence could he discovered
among our dogs given 9°Sr. Corresponding data for our 120 life-span dogs given 0.2-440 kBq/kg of 226 Ra (Taylor
G. N. et al. 1989) and 133 comparable control dogs were also reviewed for comparison.

Eighty-six young adult dogs. aged 14 to 20 mo. were given a single injection of 90 Sr at one of seven
dose levels ranging from about 2.2 to 3700 kBq/kg body mass and allowed to live out their life spans. Dogs
were observed daily, and acomplete examination w, as performed at least semi-annually or when indicated bh ,Amething
seen in the daily observation. Soft tissue tumors were removed surgically when possible, but neither chemotherapy
nor radiotherapy was given. Skeletal tumors were not treated. A complete necropsy was performed when animals
died or were euthanized if life could no longer be supported humanely. Histological examination was performed
on all soft tissue lesions sampled at biopsy (or enucleation, for the eye) or at necropsy, and lesions were classified
according to standard criteria and standard nomenclature as found in SNOMED (QR. A. C6tQ. ed.1, Systematized
Nomenclature of Medicine, Vol. 1, Second Edition.' Skokie, IL: College of American Pathologists; 1984). In
1984 it was agreed that SNOMED and its extension to the Beagle dog (SNODOG. Watson, C. R., Battelle PNL.
Richland, WA, personal communication) should form the basis for standard classification of lesions for the Beagle
dog laboratories in the U.S. DOE system.

Tables 42 and 43 exhibit the results of our analyses of the reported eye pathology for dogs in our colony
given 9°Sr or 226Ra, and for the controls. It is not obvious from these data that tumors of the eye might have
been induced by the 9°Sr + 90Y in the eye or by the 9°Sr + 90Y in adjacent bone, since no eye tumors were
detected among our dogs given 9Sr + 9"Y.

Concentration of injected Ra or radiostrontium in the eyes of our dogs was reported many years ago (Stover.
B. J. et al. In Some Aspecis of Internal Irradiation, Pergamon Press, Oxford. p. 7, 1962). For times after injection
ranging from 12 to 968 days (three dogs), the concentration of injected Ra averaged 1.25 x 10,3% of injected
activity/g of eye and ranged between 2.5 x 10-5 and 3.7 x I0"3 %/g. Corresponding data ior 9OSr in eyes ranged
from 4.9 x 10-6 %fg to 3.0 x 10 4 /!g for times after injection of 8 to 960 days (thret, do•s) with an average
of 1.75 x 10-4 %/g, only about 5 to 12 times lower than for 226R1a. Any comparison of do',e-rates from incorporated
226Ra + progeny and incorporated 9oSr + '-'Y should consider the differences in both radiation quality and radiation
energy absorbed per radioactive disintegration (several MeV of short range alpha rays for Ra + progeny and less
than I MeV of longer range beta rays for •Sr + •Y. with a substantial fraction of the beta-ray energy from
the Sr + Y escaping the eye),

Tables 42 and 43 indicate that there are a few lesions for which the occurrence in dogs given Ra was
substantially higher than in either the control dogs (c) or the animals given radiostrontium (Sr). These include
hyperpigmentation + rnel.mosis + hyperplasia (10.5% c. 9% Sr. 42.5% Ra). melanoma (0 % c, 0% Sr. 12% b
Ra), and (with less dissimilarity among groups) fibrosis (1% c & Sr, 5% Ra), hypo.-'or de-pigmentation (I% c,

"*Radiobiology Division, University of Utah School of Medicine. Salt Lal,e City, Utah
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Table 42

Eye lesions among dogs from our colony given 9 0Sr or 2 2 6Ra as young adults compared with control
dogs given no radioactivity. Lesions of the eyelid ,r conjunctiva (including tarsal and lachryrmal glands)
are excluded from this list. Numerals in parentheses indicate the total number of lesions, while those not
in parentheses within Lie body of the table indicate the total number of dogs with the lesion. Numerals
in the superscripts show the numbers of lesions in each structure. Only those lesions shown in italic bold
type were considered by our pathologists to be tumors.

Controls 22 6 Ra 90 Sr

Lesion (133 dogs) (120 dogs) (86 dogs)

Adhesion I (2)d.g i! 0

Atrophy 0 2i 0

Cataract I h 0

Degeneration 28 8 (9)6i.2h.e 3i

Fibrosis 1 ( 3)c d f 6 bd,4e Id

Hemorrhage, Hemosiderosis I J I (2 )c 2i

Hyperpigmentation + Mlanosis 14 ( 19 )d, ! 2c,6f 5 l( 89 )b,52c,5J'24f"6e'j 8d,6c,fHyperplasia I

Hypo-or depigmentation li 72b,2f03e 0

Melanoma 2c 14 ( 17)13c,,3f 0

Necrosis 2dAs 2hi 0

Proliferation 0 Ik 0

Retinal detachment Ih 0 0

Vascularization 2d 6d 3d

Others:

Collagen condensation 0 Ib 0

Collapse, chronic 0 !e 0

Congestion 0 0b 0

Cytoplastic vacuolization 6h 2 h ih

Dilatation I' 0 0

Edema 0 Ii 0

Infiltration + Inflammatiots + 5 (6)',2c'2d'j 6 b,3d.e.i 3 b,d,f
Leukocytosis +- Pannus

Involution 0 1 (2)c'f 0

Rupture 1a 0 0

Ulcer id 0 0

Total of 'Others' 14 13 4

aAnterior chamber 9!ris and ciliary body
bChoroid hiens,
cCiliary body 'R-I.a
dor0!ea J\Vitrui bxdy
'Eye, not otherwisc specified kUea
flris



Table 43

Percentage occurrence of eye lesions among Beagle dogs from our colony given 90Sr or 2 26 R2 as young
adults compared with control dogs given no radioactivity, based upon data in Table 42 and the total
number of dogs in each group (see caution in text). Only those lesions shown in ilaic bold type were
considered by our pathologists to be tumors. Percentages shown in bold type are probablya or possiblyb

different between groups.

Percent occurrencec

Controls 22 6R 90St
Lesion (133 dogs) (.120 dogs) (86 dogs)

Adhesion 0.75 0.83 0
Atrophy 0 1.67 0
Cataract 0.75 0.83 0
Degeneration 1.50 6 .67 b 3.49

Fibrosis 0.75 5 .0 0 b 1.16
Hemorrhage, Hemosiderosis 0.75 0.83 2.33
Hyperpigmentation + Melanosis + 10.5 42.5a 9.30

Hyperplasia

Hypo-or depigmentation 0.75 5 .83 b 0
Melapoma 0.75 11. 7a 0
Necrosis 1.50 1.67 0
Proliferation 0 0.83 0
Retinal detachment 0.75 0 0
Vascularization 1.50 5.00 3.49
Others:

Collagen condensation 0 0.83 0
Collapse, chronic 0 0.83 0
Congestion 0 0.83 0
Cytoplastic vacuolization 4.51 1.67 1.16
Dilatation 0.75 0 0
Edema 0 0.83 0
Infiltration + Inflammation + 3.76 5.00 3.49

Leukocytosis + Pannus

Involution 0 0.83 0
Rupture 0.75 0 0
Ulcer 0.75 0 0

Total of *Others' 10.5 10.8 4.65
aProbably different from other groups, p < 0.05.
bpossibly different from other groups.
cNot all eyes of the dogs shown in this table were sectioned and prepar-d for histological examination.

Only eyes with grossly apparent lesions were evaluated. Few, if any, eye tumors probably were
overlooked, but an unknown proportion of other lesions may have been missed. Consequently, one should
use caution in calculating the fraction of dogs with eye lesions based upon their numbers and the number
of dogs shovn above. The percentage of occurrence appearing in this table should not be considered as
incidence values.
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0% Sr, 6% Ra), and degeneration (1.5% c, 3% Sr, 7% Ra). In general, there were too few lesions in most
categories to show significant differences between groups. The *Other* category seems not to be substantially

// dissimilar among all three groups, however.

Virtually all of the long-lived dogs given -26Ra exhibited melanocyte hyperplasia, hyperpigmentation and/
or melanosis in the eye. No eye melanomas classified specifically as benign were reported in any animal summarized
in Table 1. However, White R. G. et al. (1991) reported that of the 14 eye melanomas identified among their
dogs given 2 26 Ra (II cases) or 9 0 Sr (three cases), only four were classified as malignant, all of these occurring
among their Ra dogs. Our criteria for classification of eye melanomas have been published (Taylor G. N. er

al. 1989): "The distinction between extensive pigmentary hyperplasia an'. neoplasia was sometimes indistir,ct. The
degrees of local destruction and scleral invasion were two criteria that were arbitrarily used in classifying some
of the lesions as hyperplastic or neoplastic." All eye tumors classified as "melanomas* and exhibited in Table

I had some characteristics of malignancy (19/19 = 100%), whereas the data of White R. G. et al. (1991) indicate
that only 4/14 = 29% of their lesions classitied as eye melanomas ,,ere malignant. Some of their criteria for
malignancy appear to be included in the statement made in their paper that, 'Three of those four [malignant eye

melanomas] resulted in widespread metastasis, emanating from this primary ocular site, and in each case melanoma
was the cause of death." Very few of the malignant melanomas shown in Table I resulted in metastasis, but
all were found to be invasive or to have other characteristics of malignant tumors. Diters R. W. et al. (Vet.

Pathol. 20: 379; 1983) caution, however, that, "...We do not advocate classification oftuveal melanomas as benign
or malignant at this time because too few follow-up studies have been done...", but they also maintain that,
"... Ultrastructurally, the finding of premelanosomes or mature, non-phagocytized melanosomes indicates that these
are tumor cells and not macrophages...""

White R. G. e al. (1991) reported the occurrence in their animals of some nonmelanoma eye tumors.
There was one benign meningioma, dernv.d from the optic nerve, and ,me benign ciliary bIdy tumor. We observed
neither tumor type among dogs shown in Table 42.

It should be noted that not all eyes of the 133 control dogs, the 120 Ra dogs or the 86 Sr dogs were
sectioned and prepared for histological examination. Only eyes with grossly apparent lesions were evaluated. Few,
if any, eye tumors probably were overlooked, but an unknown proportion of other lesions may have been missed.
Consequently, one should use caution in calculating (Table 2) the fraction of dogs with eye lesions based upon
their numbers and the number of dogs shown in the column headings in Tables 42 and 43.

Our conclusions from the foregoing are: (I) The data from the Utah dog colony indicate that neither benign
nor malignant intraocular tumors in excess of the rate for our control animals appeared as a result of radiation
from incorptrated 9)Sr +- 90Y. (2) It is unequivocal that melanomas are produced by injected 2 2 6 Ra. (3) Intraocular
neoplasia., hyperplasia, hyperpi-mentation and melanosis in the eye do occur in the absence of injected radioactivity
such as in our control doms. (4) Tumor experience as currently repo'rted for animals from different dog colonies
may not be directly comparable because of differing rates of discovery, nonuniform nomenclature and varying
criteria for classification of lesions with their discordant interpretation by different pathologists, a situation which

may or may not be resolved in t',e future by the adoption of uniform paradigmatic standards and nomenclature.

""f we had classified 1/3 of the 116 hyperplasias + hyperpiemvntation + melanos.es shown in Table I as henign

melanomas (39) and the 19 melanomas as malignant, then there would have been 19'58 = 33-" malignancies.

much closer to the malin.nant-to-total pron)rlion repoirted by White et al. of 297c than to the estimate made fronm
our melanoma data sho,,-n in Table I of IC A . Other proportions than 1/3 of the hyperplasias + hy, terpignientation
+ melanoses might be appropriate as being clas,ified by other patholoi,.ts as "benign nielanomas."
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2. Mammary Tumors Among Beagles Injected With 226Ra*

F. W. Bruenger, R. D. Lloyd, G. N. Taylor, W. Angus, and S. C. Miller

An excess of mammary cancer has been observed among women exposed occupationally during young
adulthood to 226+228Ra and among women who had received 224Ra therapeutically before puberty (Spiess, H.
et al. In Risksfrom Radium and Thorotrast, BIR Report 21, British Institute of Radiology, London, p. 7, 1989;
Rowland, R. E. et aL In BIR Report 21, p. 67, 1989). It is unknown whether the increased tumor occurrence
was due to contamination with either 224Ra or 226+22 8Ra and/or their progeny as internal radiation sources, gamma
radiation from the 226+228Ra stored in the workplace, diagnostic X-ray or fluoroscopy given to young women
with tuberculosis treated with 224Ra, other possible carcinogens (eosin or platinum) in some therapeutic injections
of 224Ra, or from a combination of factors. There are numerous reports that describe studies concerned with
determining the radiation-induced risk of mammary tumors in women (e.g., Rowland R. E. er al. 1989; Spiess
H. et al. 1989; Boice, J. D. et al. Radiat. Res. 125: 214, 1991; Tokunaga, M. et al. Radial. Res. 112: 243,
1987; Hildreth, N. G. et al. N. Engl. J. Med. 321:1281, 1989). Because of the human experience with mammary
cancer in women contaminated with Ra, data from animal experiments constitute a valuable source of additional
information that may ultimately provide a better understanding of radiation-induced mammary tumors.

Existing records of tumor occurrence in soft tissues in the University of Utah dog colony among 61 purebred
Beagle dogs injected as young adult females with 226Ra and 65 female control dogs, all maintained for life-span
observation, provided the opportunity for us to examine these data for evidence of an effect of Ra exposure on
mammary tumor appearance. The animals were subjects in a study of RK3-induced bone cancer. A total of 130
primary mammary tumors (66 of them malignant) occurred among 35 of 61 female young adult dogs who were
injected with 226Ra in one of eight dose levels ranging from 0.2 to 440 kBqlkg body mass, while a total of 159
mammary tumors (56 of them malignant) were seen among 45 of 65 female control dogs not given any radioactivity.
All mammary tumors were removed surgically at diagnosis if possible. Dogs living to the minimum age for diagnosis
with a mammary tumor of 4.42 y included 57 given Ra and 63 controls. The control animals were introduced
into the experiment at a comparable age and were treated exactly the same as the Ra dogs. except that they received
an injection of only the sodium citrate-citric acid buffer without added radioactivity at the time they entered the
experiment instead of the same buffer containing Ra.

Several aspects of the frequency and time of occurrence of the mammary tumors in control dogs and Ra-
injected dogs were analyzed (Cox, D. R. Statis. Soc. B. 34: 187, 1972; Kalbfleish, 1. D. and R. L. Prentice.
In The StatisricalAnalvsis of Failure 7ime Data, Wiley, New York. 1980; Hopkins, A. In BMDP Statistical Software
Manual (W. Dixon, ed.) Univ. of California Press, Berkeley, p. 719, 1988). Three situations were considered:
(1) occurrence of only the first tumor in each dog; (2) occurrence of all mammary t.tmors, including each successive
tumor but excluding those that were identical in type and location for the same dog (which were considered
recurrences); and (3) occurrence of successive tumors, bu. regarding simultaneously removed tumors at different
locations or of different types as a single failure (one failure per date). Malignant mammary tumors were also
considered separately within the three categories specified above.

Cox regression showed no significant difference in time of first tumor appearance between Ra-injected
dogs and controls, either for all tumors (p = 0.48) or for only malignant tumors (p = 0.21). Kaplan-Meier weighted
cumulative tumor rates of all combined malignant and benign mammary tumors (except recurrence at the same
location) and of successively removed tumors (taking simultaneously removed mammary tumors as a single failure)
indicated a significant shift for Ra dogs to shorter times and higher magnitudes (p = 0.004, p = 0.007, respectively).
The same trend was evident for malignant tumors only (p = 0.001 and p = 0.022, respectively). Median times
of tumor removal or death with mammary tumor indicated that the age at mammary tumor appearance was less
in Ra dogs compared to controls (p < 0.05) except for the appearance of only the first mammary tumor.
This was the case for all tumors taken together and for malignant tumors only. Dogs given > 5 kBq/kg were
younger at time of tumor appearance than dogs given < 5 kBqlkg (p < 0.05) except for malignant tumors
only.

*Radiobiology Division, University of Utah School of Medicine, Salt Lake City, Utah
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Other soft tissue cancers and skeletal malignancies were important competing causes of death among the
dogs given Ra, illustrated by the observation that no malignant and only two benigni mammary tumors were seen
in dogs given 31 to 440 kBq/kg. Other soft tissue cancers were important competing causes of death among controls,
also perhaps reducing the expression of mammary tumor occurrence. At least some of the standard biostatistical
tests adjust the analysis for the effects of competing risks.

Autoradiography of mammary tissue from our tissue archives that was obtained soon after Ra injection
revealed that some 226Ra originally had been deposited therein (Fig. 43). Gamma-ray spectroscopy indicated that
the radon progeny activity observed in the intact tissue blocks was probably supported by 226Ra and that no 21°Pb
could be detected in excess of the amount to be expected from the spectrum of 226Ra + radon daughters that
was found. Thus, the radiation dose received was derived from the injected 226Ra and its progeny.
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Figure 43. Autoradiograph of mammary tissue from a nonpregnant female Beagle dog (T49R5) during the early
metestrus phase of the estrous cycle and at 490 days of age. The animal was sacrificed 5 days after the
injection of 279 kBq 2 2 6Ra per kg bdy mass. L)hulation is moderately defined; most alveoli have small
lumens; and mitotic figures are fairly abundant. The alpha activity is derived principally from the
perilobular connective tissue and to a leaser extent from the intralobular stroma. Deposition in the
parenchyma appears to be minimal. However, irradiation of the glandular elements from the connective

tissue activity is apparent. A precise deposition site in the stror.a is not discernible, but in other sections,
some of the focal activity was associated with cytoplasmic, hemosiderin-like pigment in macrophages.
Gamma-ray spectroscopy indicated that this activiy ,Xas 22ýRa -i progeny rather than '1Pb + progeny.

Hematoxylin and eosin stain, 14 day exposure, 190X.
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The possible influence of diagnostic X-ray exposure on the expression of mammary tumors was also
investigated (Table 44). The total number of X-ray examinations per dog depended somewhat upon the length
of each dog's life span and upon its unique clinical history. The average numbers of radiographic examinations
per dog among the various groups of dogs were significantly different only for the comparison of controls vs.
the low-level Ra group (< 5 kPq/kg) and between the low-level and high-level (> 5 kBq/kg) Ra groups. The
available data did not allow us to establish a correlation between external radiation and development of mammary
tumors.

Table 44

Average Number of X-ray Examinations Per Dog During Their Lifetimesa

Average Number of

Group Exams ± S.D. .pb Value

All Controls 11.2 ± 7.4

All Ra dogs 10.5 ± 8.0

Ra dogs < 5 kBq/kg 7.63 ± 7.4

Ra dogs > 5 kBq/kg 13.9 ± 7.3

All Ra vs. All Control > 0.50

Ra < 5 kBqfkg vs. Control < 0.05

Ra > 5 kBq/kg vs. Control > 0.10

Ra dogs, >5 vs. <5 kBq/kg < 0.001

"aAll examinations are included in the averages (total-body, partial-body, single film,

multiple film, etc.), since available records did not always specify the type of x-ray
examination performed on a given day. Measurements made on 08 July 1957 indicated
that a complete radiographic series produced about 1.81 X 10-4 C/kg (0.7 R) equivalent
"total body exposure to an adult dog, and similar measurements made on 29 November
1961 after changes had been made in the x-ray equipment and radiographic techniques
indicated that the corresponding series delivered about 1.55 X 10-4 C/kg (0,6 R).
Records of these modifications, including the exact dates when they were made, were
lost during our move to our present facilities (June 1988) following the removal of our
dogs from Utah (September 1987) and just prior to the demolition of the buildings that
housed our project during the time when the Beagle colony was in operation. Because
of the much lower skeletal doses to be expected for Ra dogs at injection levels below
about 3 kBq/kg that were introduced into the study after 1963, less complete x-ray
examinations were instituted for these 26 animals and for the 31 control dogs entered
during the same time period (1964-1967), so that exposure to external radiation
continued to constitute only a small fraction of the skeletal dose from radium.

bFrom the Group Comparison ('t^) Test.

Although the proportion of mammary tumor occurrence among our Ra-exposed dogs was similar to that
of controls (dogs with total tumors were 35/57 = 61% for Ra dogs and 45/63 = 71% for controls, and dogs
with malignant tumors were 21/57 = 37% for Ra-exposed dogs and 25/63 = 40% for controls), the age at tumor
diagnosis appears to have been decreased significantly among the Ra-exposed dogs. At this time, we can offer
no conclusive explanation for the mammary tumor effects that we observed in our dogs. However, at least two
possible factors in addition to internal exposure to Ra could have contributed to differences between groups - selective
deposition of 226Ra in the mammary glands and differential exposure to X-rays,
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3. The Distribution of 226Ra in the Trabecular Skeleton And Cortical Bone of Humans and Beagle
Do2j.*

W. S. S. Jee, E. Polig**, R. B. Setterberg, and F. Johnson

When using Beagle dogs as an experimental animal for toxicity studies of 226Ra, the physiologic and
metabolic differences in the behavior of this radionuclide in dogs and humans has to be considered. The whole-
body retention of 226Ra and other alkaline earth elements has been summarized in Publication 20 of the International
Commission on Radiological Protection (ICRP 20). The corresponding whole-body retention in the dog has been
determined (Lloyd, R. E. et al. Radiat. Res. 66: 274, 1976). As Figure 44A shows, the whole-body retention
in the two species after a single injection differs widely. At about 3000 days post injection, 0.92% of the injected
amount is retained in humans and about 9.3% in dogs. Consequently, for the same specific amount injected (Bq/
kg-body vweight) and equal time periods, radiation doses to the skeleton of the dog are considerably higher than
those to the human skeleton.

Cumulative radiation doses to the skeleton were calculated for humans using the retention equations of
ICRP 20 for cortical and cancellous volume labels. The short-term surface labels were disregarded. The contribution
from the daughters of 2261Ra was considered using the expression of Mays et al. (Health Phys. 29: 761, 1975)
for the fractional retention of 222RPn. The time integrals of the retention functions, as given in ICRP 20, are
of little use, because they disregard the contribution from 226Ra-daughters.

As Figure 44B shows, the mean radiation dose to the skeleton during the first 3000 days after a single
injection of 37 kBq/kg body weight of 226Ra is about 20 times higher in dogs than in humans. Even if skeletal
doses are compared at time periods corresponding to equal fractions of the life expectancy of the species, the radiation
doses in the dog may considerably exceed those in humans.

The ICRP 20 model of the alkaline earth metabolism also describes the partitioning of 2-6 Ra between
cortical and cancellous bone. The mean concentration in the two skeletal sub-compartments of the human skeleton
is plotted in Figure 45A, assuming a single injection of 37 kBq/kg and cortical and cancellous bone masses of
4000 g and 1000 g, respectively. Over the first 3000 days the concentration in cortical bone is lower than in
cancellous bone, but with a faster release from the lAtter. Eventually ICRP 20 predicts that beyond 104 days
post injection, concentrations in cortical bone exceed those in cancellous bone.

Autoradiographic analysis of the distribution of 2'6Ra in cancellous and cortical sites of the dog femur

shows some similarity to the human findings ond is plotted in Figure 453. The release of 226 Ra is slightly faster

than in humans, but not fast enough to account for the high turnover rates in the dog metaphysis (123% /y). In
addition to information provided in ICRP 20. this might be explained by postulating a local recirculation mechanism
of 226Ra in the skeleton which is not systemic.

The hotspots (Polig, E. et al. Radiat. Pror. Dosim. 3: 205, 1986) ohei'ed in the femur shaft of dogs
have a 226 Ra concentration about 15 times that of :he diftu,.a label (Fig. 46A). This is about the same ratio as
was found in distal femoral metaphysis and epiphysis. The perc•ntage of 226 Ra found in hotpots of cortical bone
is smaller than in the metaphysis (Fig. 46B), but unlike all trahccular sites, it does not increase with time after
injection.

Generally one may conclude that, although the overall Ievel of 22Ra retention in dogs and humans differs

widely, the partitioning b-etween cortical and cancellous bone may hbe quite ,imilar. Also there is not much difference
between corti,:al ýnd trabecular sites within the dog skeleton. in spite of the large differences in bone turnover

*Radiobhio!ogy Division. University of Utah School of Micd,:ine. Salt Lake City. Utah
*Kernforschungszcntnjm Karlsruhe, Institut ftur Gcneik und Toxikologie von Spallttoffen. Karlsruhe, Germany
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Figure 44. (A) Whole-body retention (solid) and skeletal retention (hatched) of 226 Ra in dogs and humans after a single
injection. The skeletal retention of hur"ans is without the surface labels. (B) Cumulative radiation dose
to the skeleton of dogs and humans after a single injection of 37 kBq./kg body-weight 226Ra.
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Figure 46. (A) Average concentration of 226Ra in hotspots of the femoral metaphysis (top curve) and sha' (bottom
curve) of dogs after a single injection of 37 kBq/kg body-weight. (B) Percentage of 226 Ra activity found
in hotspots of the femoral metaphysis (top curve) and shaft (bottom curve) of the dog.
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4. Hit Factors and Microdosimetric Parameters of the Nuclei of Bone Lining Cells Irradiated By
Alpha Emitters*

W. S. S. Jee and E. Polig**

We have shown that the nuclei of osteoblasts, their precursor cells and bone lining cells can be modeled
by oblate spheroids (ellipsoids of revolution). The parameters characterizing shape and location, e.g., major and
minor axes and distance from surface, have been determined along with their probability densities. In the study
described here, the mean values of these parameters are used for the calculation of hit factors, alpha-track segment
lengths, energy deposition and radiation dose to cell nuclei of bone-lining cells.

It is primarily the bone lining cell that is subject to irradiation from static volume, surface and 'buried*
surface deposits of alpha emitters (labels). Osteoblasts and their precursors are present only during cycles of bone
formation and are irradiated by dynamically expanding volume labels or shifting surface labels. Therefore, the
situation for these types of cells is different and will be treated in a separate investigation.

The hit factor G. is defined as the factor that relates the local concentration a, for either a volume

(v) or a surface label (s) of an a-emitting radionuclide to the mean hit rate N of the specified target (N = G.
avs). GIH and other microdosimetric parameters were determined by means of a Monte Carlo simulation. Figure 47
depicts the irradiation geometry of a spheroidal target characterized by major and minor axes a and b, respectively,
whose center is located at a distance c from a cylindrical bone surface. The radius of the bone cylinder is r.
In general, a volume label is defined by two concentric cylinders of radius d, and d, with uniform Lihcling of
the bone between these boundaries.

of r (>500 jpm) simulates the essentially flat surfaces of trabecular '-ne. Values of 15 pm and 35 p4m for r

were chosen to represent Haversian canals in cortical bone of Beagle dogs and humans, respectively.

The mean values used for the major and minor axes of the spheroid are 11.1 and 1.6 pm, respectively.
The distance c from the surface is 3.1 Am.

Table 47 lists the hit factors, the mean specific energy (dose) in the nucleus per hit and the mean track
segment length for both volume and surfaces labels of 237Np, 2 6 Ra (designated at 23 7Np/ 22 6 Ra in Table 45),
2 3 9 Pu and 24 1Am. These are the a-emitters of major interest with regard to long-term deposition and late toxic

effects in the skeleton.

Hit factors for lining cells increase with a-particle energy and decrease with radius r. For the range of
a-particle energies most relevant to bone-seeking emitters, hit factors for surface deposits in dog osteons (30 mm
dia.) are about 35-40% larger than for trabecular surfaces. For volume deposit,;, this enhancement due to surface
curvature is even more pronounced (40-50%). The effect of surface curvature increases with increasing particle
energy because even a curved surface may be considered as essentially flat ifthe radius of curvature is large compared

to the a-particle range.

Surface- and volume-seeking a-emitters can be compared %kith regard to relative hit frequencies using the

specific surface S. (or surface/volume ratio) and the hit factors listed in Table 45. Ratios of hit frequencies for
surface vs. volume sources, assuming an equal amount of radioactivity deposited, are 6 and 19.2 in the trahecularr
and cortical skeleton of the dog, respectively. The corresponding figures for the human skeleton are 8 and 28.9.
respectively. The difference between tra'ecular and cortical bone comes largely from the different values of Sv
in the two types of bone and to a lesser extent from the different irradiation geometries.

*Radiobiology Division, University of Utah School of Medicine. Salt Lake City, Utah
"*'Kernforschungszentrum Karlsruhe. ln~titut f~r Genetik und Toxikolh,-ie von Spaltstoffen. Karlsruhe, Germa4ny
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Table 45

Hit Factors, Mean Specific Energies and Track Segment Lengths for Bone Linind Cells
from a-Particles of Surface and Volume Sources of 2 37NpIO26Ra, 239pu and 2 'Am

2 37 Np/ 22 6Ra 23 9Pu 2 4 lAm

Parameter pla Cy PI Cy PI Cy

Hit factor (10-2 cm2 Bq-1 day-') SSb 4.00 5.38 4.12 5.58 4.13 5.78

(10"5 cm3 Bq-1 day-l) VS 3.36 4.67 3.85 5.40 4.26 6.32

Dose/hit (erg/g) SS 6060 5750 5840 5550 5820 5300

VS 4480 5170 4420 5000 4280 4930

Track segment length (jum) SS 2.90 2.71 2.94 2.76 3.08 2.15

VS 1.81 1.52 1.85 2.04 1.86 2.08

apI-plane surface, Cy=cylinder 30,pim diameter
bSS=surface source, VS=volume source

Mean radiation doses (specific energies) for individual particle traversals have been calculated assuming
that the energy lost along the track segment intersecting the nucleus is deposited within the volume of the target.

This is a stochastic variable, the mean value of which decreases with increasing particle energy due to the decreasing
mean linear ene;gy transfer (LET). Within the range of 4-6 MeV for particle energies, the mean dose per hit
is 4500-7000 ergig (0.45 - 0.70 Gy).

Marshall and Groer (Marshall, J. H. and P. G. Groer. In Energy and Health [N.E. Breslow and A. S.
Whittemore eds.j, Proc. SIMS Conference, Alta. Utah, 1978, SIAM, Philadelphia, PA. 1979.) have outlined a
model of cell transformation and tumor induction assuming the interaction of two sensitive sites within the nuclear
volume. According to this concept, the induction probability is dependent on the mean track segment length and
the mean squared track segment length. They also pointed out that differences in dow.-effect relationships between
surface- and volume-seekers may be attributed to differences of these two parameters for surface and volume sources.
Therefore, in this study, the mean track segment length and its varance have been estimated for hone-lining cells.
The mean track segment length for a surface label is always larger than for a volume label (Table 45). However.
no differences in the dose-effect relationship of volume seeker. vs. surface seekers should be expedted.

In humans, the ICRP do.se equivalent limit of 50 mSv/year for uniform whole-body irradiation corresponds
to an endosteal dose rate of 2.28 erg g-tdaYl. This, in turn, trandlates into a hit rate of 4.31 x 104 day't or

1.54 hits during the residence time of lining cells at a trabecular turnover rate of 10%!year. or 0.54 hits for 26%[
year. Thus, the existing standard for dose limitations implies that a large fraction of nuclei of cells lining bone
surfaces is traversed by a-particles.
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5. Promotion of Radiation-Induced Liver Neoplasia by Ethanol*

G. N. Taylor, R. D. Lloyd, C. W. Mays**, L. Shabestari***, and S. C. Miller

It is well established that the risk of radiation-induced liver cancer can be increased by various promoting

agents that decrease the normally long life span of the hepatocyte, thus promoting the expression of latent radiation

injury which is delayed until the occurrence of cell division (Cole, L. J. and P. C. Nowell. Science 150: 1782,

1965.) Many agents in our environment tend to accelerate the cell turnover rate in the liver and possibly enhance

the expression of latent neoplastic changes (Kraybill, H. F. hiiernational Symposiumn on Hepatoroxicity [M. Eliakim

et aL eds.], Academic Press, New York, p. 122, 1974). In this study, ethanol was selected for evaluation becaus

it has been shown to be a direct hepatotoxin (Rubin, E. and C. S. Leiber. N. Engl. J. Med. 278: 869, 1968);

to induce hepatic cell regeneration (MacDonald, R. A. Ain. Med. Assoc. Arch. Pathol. 69: 175, 1960); and because

of its wide usage.

All animals used in this experiment were purebred Beagle dogs. The experimental design for the animals

receiving ethanol is summarized in Table 1. Baseline data for the natural incidence of liver tumors were derived

from life-span observations of 130 nonirradiated. nonethanol-treated dogs. The incidence of radiation-induced

liver cancer in nonethanol, americium-treated dogs was determined from 42 other dogs. These latter two groups

of dogs have not been tabulated individually, but they were maintained under identical housing and husbandry

conditions as those listed in Table 46. Their diet was identical, except that it did not include ethanol, plus they
were fed once daily instead of twice daily like the ethanol-treated dogs. All dogs presented in this study were

maintained until natural death or until sacri lice became necessary because of terminal disease or humanm considerations.

Table 46

Young Adult Dogs in this Study Injected with 2 4 1 Am Citrate and Given Ethanol (95 %)
Daily in Their Feed from 35 Days after Injection until Death"

Age at Days lnj. Injected Weight at Significant Lesions

Dog Sex lnj., Days to Death kBq/kg Injection, kg at Autopsy

TI58WO M 553 5,137 0.0 12.9 Aortic body tumor

T159W0 F 546 3,555 0.0 10.6 Maimmary adenocarcinoma

TI60WI F 577 4,408 0.588 11.4 Fibrosarcoma (liver)

TI61WI M 546 1,802 0.588 11.9 Inhalation pneumonia

T162Wl F 546 3,770 0.607 9.64 Cholangiociarcinoms,

Tt63WI M 544 4.863 0.599 9.32 Epidermoid carcinoma
(gum) Cholangiocarcinoma I

Hepatic cell carcinoma
T164W1.7 M 553 3,366 1.78 11.3 Cholangiocarcinoma

T165W1.7 F 546 1,810 1.81 8.73 Inhalation pneumonia

T166WI.7 M 544 3,452 1.78 9.28 Lymphuoarcoma

T167W!.7 F 544 3,340 1.78 9.04 Cholangiocarcinorr.a

aFor additional data on the 42 dogs in the nonethanol irradiated groups, see Appendix in Re'eurch

in Rwdiobiology, Radiobiology Division, University of Utah School of Medicine, SAlt Lake City,

COO-119-262, pp. A-7 - A-8, 1986.

*Radiobiology Division. University of Utah School of Medicine, Salt Lake City, Utah

"**Deceased 3 August 1989 (formerly at the National Cancer Institute. Bethesda, Marylad)
***University of Utah Animal Resources
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The 2 4
1Am was administered in one intravenous 6.v.) injection at the ages shown in Table 46. The

130 controls were given a single injection of the citrate buffer solution, and the 42 inondhanol. Amn-treated dogs

were injected with either -0.58 or -l.75 kBq 2
4 Am kg'1 of body weight at ages comparable to those treated

with ethanol. For dose-rate calculations, the blixid-filled liver was assumed to comprise 55.4 + 4 g per kLe of

body weight (Cuddihv, R. G. et al. 1971-72 Annuail Report. p. 1 19; Lloyd et at. Radiat. Res. 92: 280. 1982).

Ethanol, in a dosagve of 13.5v. was fed twice daily in the standard colony diet. The peak blood ethanol
concentrations in animals on this dose ranged from 0. 0 59 c1 -Q*0 93%,c (w:v). as determined at about 5 yr of age
and approximately 3.5 yr following the initiation oif the dietary ethanol. Ninety-five percent ethanol w~as usked
to avoid henizene residues that are present in 100% ethanol.

Long.-term ethanol consumption accelerated the relea.se (if Am front the canine liver (Table 47). Accelerated
elimination of the radiiinucl~de was first noted at zliout I .SOC days after injection and became niore pronounced
with increasing post-treatmient times. This represented a net body loss of the Am from the 1xidy because the retention

equations for non-liver tissue were similar in the ethanol and ni'nethanol-treated dog,;. The reason for the beginning
Of the increased elimination of 24'Am from the livers of ethanol -treated dogs at about 1900 days piost-injection
was not determined: however, this is approximately thc time %khen the number of radiation-induced hyperplastic

nodules begins to increase. These relatively non-rAdioactive toci. which at the dosaie levels considered in this
study may ultimately comprise up to 75 7 of the livcr rna,~s. have a conmplex vascular pattern and probably shunt

some of the alcohol-hearing portal blood through the more normal sinu~oids of the older non-hyperplastic parenchynma
which contains most oif the 241Anm.

Two long-term. ethanol-treated dogs that did not rýceive Am %%ere also availablt. for study (Table 46).

The principal hepatic lesions in the:se dogs evert: a modeýrate -to- marked degree of hydropic degeneration of the
hepatocyte;s; a minor and variable degree of fatty degeneration in the hepatocytes but absence of necrosis or increased
mitoses: moderate-to-prominent focal by perplasia and siderosis of the Kupffer cells, which were most extensive
in the ee-ntriilobular revions: and absence of fibrosis. The liver xcveihts in the~e two dogs were 5111! f12.9 kg[
body weight at injection) and 348i: 10.6 kg- hisly \A,% i-ght at inlection). respective!y. as compared to 302 +- 71
gfor the general control population of the Utah Beavle Colony. Cirrhosis as observed in people fRubin. E. and

C. S. Leibe~r. Biochemical and Clinical /l.pfci't Qf..tlcoiol Mtlot-holi~so IV. MI. Sardesai and C. C. Thomas, eds. I
C. C. Thomas Press. Sprin,!field. It.. p. 212. 1969), and nonhumlan primates (Rubin, E. and C. S. Leiber. N.
En~l. J.Med. 290: 128. 1974) was not produ.ed.

Extensive focal hyperplasia of the hepatocytesN occurred in the dogs receiving the combined ethanol and
radiation exposure: however, this wAas typi :al of that oh- crved in nonethanol-treated dogs with coimparable burdenis
of Am (Taylor, G. N. e, cit., Lite-Spoai Razdiiv.o the Studicy in Animalv: Muiar Cart 77wv Tell US:' O. 01ce
of Scientific and Technical Informiatin. Sprinefield. VA. 'pr. 16g. 191Z6 and did not appear to be an ethanol effect.
A s~light fibrosis evoas noted in some! does thait rekceived both Amn and ethanol.

In the eight Amn-treated dot's maintained 'm the lone--termn eth~inol treatmecnt, five des elolped one or more

primary liver ;na! i gancies (Table 46Lý This inc den5 e translates into a risk coettf-icient of 510) liver nialignancieN
101Y doo Gv) (Table 49j as :o mpared to 21i.X) live:r neiiahgnn~incs di') _ Gvy) for comrp;,able doss in nonethanol-

treated does. The cak ulation of these risk ,- ci el . ets A'qintes a4 linear dosc-response relatvinship. *rhus. a 2-
3 fold promotion effýct, wirth respect t- ie er nial itg.i nc:ies. %k is produeed by the ethanol treatment. The miain

uncertainties in this comprarison an sC principralls rorint the niall ninib,-r of dogs obserxed -vspecially in the ethanol-
treated groups. Primary liver malignancies did not ok:,ur in the tevo eteo-rae.nonirradiated. control dovs

that rteceie etao n their diets !fir over 14 Nr. ss bieb is in aoreemeint cv ith the thesis that ethanol isnoa

major initiatin-2 iee-nt )f liver tumnors I Kisin. B, And M, NI. kales, Vir Bitoloy of .4!ioho/is, JR. Kissin and
H. Btegleiter. ed s.]. Ple.num PrsNew York,). 41 I. 19,).4 Age ndcr difference in the incidenc:e oif radiamtion-
induced liver tumnors was not obsere ed.

The itimor-promoinme cýfcci of ethano)l in the irlieldoes, n.hi 'sr, ed onilv in thew lier-tss and
vas probah!is rtlaltcd to the enhanced turno% !-r rate (-t heaDs lu.lniald. R. A. ct id. ,'h19N)1.. Ain ihnoriomfl

incidecriz of cancer in other organs wais noIt a.o td. the etIh:inol trealtment. This condou-ioln was bise~d
on a ~onmparisi onif' the' tumor freq'Luncy: in the cthan )It reated an i i'.is .%i h the incide.nce;. in the 11 if)lie-sp.in.
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Table 47

Percentage of the Initial Body Burden of Injected 24 1Am Retained in the Livers of Dogs Given Ethanol
(95%) Daily in their Feed as Measured by In Vivo Counting, Expressed as Percent of Injected 24 1Am

Days Predicted
after T160 T161 T162 T163 T164 T165 T166 T167 by the

Injection WI WI W1 WI W1.7 WI.7 WI.7 WI.7 Mean equationa

4 51.1 51.9 49.6 48.8 50.7 49.4 53.5 42.7 49.7 49.0

11 47.3 52.4 50.6 44.9 48.1 47.1 48.1 40.0 47.3 48.9

32 52.0 47.9 51.1 47.2 46.5 48.3 47.3 38.5 47.4 48.7

69 49.9 49.7 51.8 48.4 42.9 47.6 49.4 42.1 47.7 48.3

162 49.7 52.9 51.2 41.5 51.8 49.5 49.9 42.9 48.7 47.3

263 47.6 51.7 50.9 36.5 36.5 45.3 52.7 39.9 45.1 46.3

456 49.8 52.6 53.5 45.9 50.4 44.4

462 48.8 49.0 51.5 39.5 47.2 44.4

831 41.8 50.7 43.3 31.4 41.8 41.0

850 51.9 53.0 34.5 46.5 40.8

1,210 38.7 45.6 51.3 24.2 34.8 42.3 39.5 25.6 37.8 37.7

1,802 30.4b 30.4 33.2

1,810 19 .7b 19.7 33.1

2,407 6.6 18.8 3.0 9.5 29.1

2,414 21.6 37.1 10.5 23.1 29.1

3,191 8.7 18.9 6.5 2.7 10.9 2.5 8.4 24.6

3,340 3.8b 3.8 23.8

3,452 12.6) 12.6 23.3

3,562 7.6 18.0 8.5 11.4 22.7

3,770 13 .2 b 13.2 21.7

4,137 5.5 2.6 4.0 20.1

4,408 8.0b 8.0 18.9

4,863 7.7b 7.7 17.1

'Foryoun ult dogs injected with 241Am but not treated with ethanol, % liver retention
49.0 e " , where t = days after injection 'Lloyd, R. D. et al. Radiat. Res. 100: 564, 1984).

bEstimates made from measurement of excised livers.
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nonirradiated, control dogs that were reared identically except for the absence of ethanol in their diets. Also,
bonecaner as nt oseted i an etano-treated dooi. %%hcrcas 1.9 tumnors %%ere expected. This finding may

have been related to the relatively small number of does at risk.

Table 48

Calculated Alpha Doses to the Livers of Dogs Injected Intravenously wit.h 24 'Am

Days from Liver dose 1 yr Liver dose, Gy at Ratio of calculated
injection before death Gy I yr before death liver doses

Dog to death (with alcohol) (no alcohol) (with/without alcohol)

T160W1 4,408 0.714 1.064 0.67

T161WI 1.802 0.430 0.487 0.88

T162WI 3,770 0.697 0.982 0.71

T163WI 4,863 0.749 1.156 0.65

T164W1.7 3,366 1.947 2,637 0.74

T165W1.7 1,810 1.329 1,507 0.88

T166W1.7 3,452 1.969 2.691 0.73

T167WI.7 3,340 1.940 2.62 1 0.74

The incidence of liver tumors in dogs w~ith body burdens of Am was increased by a factor of about 2-
3 with chronic ethanol incestion. This ~vas similar to the -rnhancement effect reported by Cole and Nowell (1965)
in mouse studies using neutrons as the initiatini! aie~nt .ind carbon tetrachloride as the promoter. Perhaps the
maximal ability of the liver to mask potential radiation -i".tuctil -Aws~nancies is !!n-';rrately a farctr of three.
Since it wouid hnave been imp-;.ti.4i to lifaeasc the long'-terrn dose ot -ethanol used in this experiment to an appreciably
hieher level, "three' appeared to he near the mnaximumn in this study.

What is the sivnifteance of ethanol consumption on the risk coefficients derived fromn human experience
such as the German Thorotrast eases (van Kaick. G. et al, 8riti sh Immiure' of'Rdiolo-v Report 21 I D. MI. Taylor
et al., eds. I. p. 98, 1999)? For example. in 1970) it v..is estiniated that, in the Federal Republic of' Germany.
about 5,, of the population (15 yr and older) consumevd in exc:ess of a daiilv averaive of 150 pil ot absolute alcohol
(DeLing. J. Brit. J. Addict. 1: 3. 1975). It is possible that the hii~her risk obhser-%td in the male %s. femnale German
Thorotrast cases, micht be related to sex ditferences in ethanol onsurnption! If ethanol wxere an enhancing~ factor
in the risk coefficients derived from these :ases, the risk coetti, lent' tor humans thait received Thorotrast would
overestimate the risk for individuals '.~ithout ethainol consumption.

Paradoxically, ethanol tended to shorten the: Am retention time, thus rteducinr the radiation dose. %,Hle
simultaneously promotin-, the developoment of radiatin-indt],ed tumors. M-A'.ever, thec nt result of these oipposing
factors was still a sivnificant increase in the ri4 of user manienncies. even ihiuvh the enhanc:ed Am excretion
from the liver probably provide~d somne protective et~t.Ct. Ohs nusly. ihe domillar-ce of the tumnor-promoting effect
of ethanol plus other undesirable factors would preclude anY the-rapeutic: consideration of its us~e as a means of
reducing~ a radionuclide burden in the liver.

In this study, invol'. mea relativels smn~ll nubý f~.hnr 'ii ino-notion fethanol excrte:dian appreciable
promoting effect on radiation-induce-d nmalzinan~ci in the hser. Restril~i'n of diettary ethanol should possibly
be considered as part oif the treatment revi.'ime in humian kese~s invivinLe livecr irradiation.
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IIl. ARGONNE NATIONAL LABORATORY
LIFE-SPAN STUDIES IN DOGS



A. SPECIFIC PROJECT OBJECTIVES

Studies have been in progress at the Argonne National Laboratory for many years to study the long-term
biological effects of protracted 60 Co irradiation in laboratory dogs. Because the dog has a much longer life-span
than rodents, results from the dog are providing a bridge for extrapolating results between rodent data and what
would be projected for people irradiated under similar conditions. The previously stated objectives of these studies
were to (1) determine the relative influence of daily exposure rate and total accumulated dose, (2) provide data
for estimates of radiation-specific excess mortality rates in the dog to enable interspecies comparisons with existing
rodent data, and (3) study the radiation damage related to life shortening and death, particularly leukemia and
other pathology of the blood-forming system. The radiation-exposed dogs in these studies received protracted
whole-body 60Co irradiation for 22 hours/day, 7 days/week, at various dose rates down to those allowing a nearly
normal life-span. Other dogs that were housed under the same conditions but were not exposed to the 60 Co radiation
served as controls.

The basic studies initiated at the Argonne National Laboratory to study the effects of protracted whole-
body irradiation of dogs have been primarily of two types: life-span and terminated. In the life-span studies,
Beagle dogs were entered on study as young adults and irradiated chronically 22 hours per day, 7 days per week,
at different dose rates (0.3, 0.75, or 1.9 cGy per day) over their remaining life span. In the terminated-type
of study, dogs were chronically exposed under a similar regimen at dose rates of 3.8, 7.5, 12.8, or 26.3 cGy
per day until predetermined total doses of 450, 1050, 1500, or 3000 cGy were accumulated. The irradiation of
these dogs has been completed or stopped, and most of the dogs are now dead.

B. CURRENT STATUS OF DOGS

The study population alive in January 1991 was comprised of colony controls, study dogs who were being
exposed at the 0.3 cGy per day level and the associated controls. In addition, other dogs were on long-term
study of the hematopoietic effects of different regimens of protracted irradiation from an external 6°Co source.
At that time, a decision was made to discontinue the chronic irradiation of the remaining dogs on study and to
transfer all remaining dogs to ITRI for care, clinical observations, and pathological evaluations at death or euthanasia.
A total of 73 dogs were transferred to the ITRI colony on January 23, 1991 and are receiving appropriate life-
span followup observations (Table 49).

From January, 1991, to September 30, 1991, 16 dogs died or were euthanized in the study, Prorracied
Whole-Body 6°Co Irradiation. Seven of the 16 dogs died with neoplastic disease, a prevalence .similar to that
of control dogs in the ITRI colony. No clear pattern of site or tumor type emerges from these data. Two dogs
died in the Colony Control group. One of these dogs died with neoplastic disease. None of the dogs in the
other studies died. All of the surviving dogs continue to he followed medically, and gross and histopathology
information will be obtained at death.
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Table 49

Status of Dogs Transferred from Argonne National Laboratory to ITRI on January 23, 1991

Birth Death Death
Study Name Tattoo Sex Date Date Age Gross Findings

Protracted 3020 F 75046 91075 5873 Acute Hepatitis, Nodular
Whole-Body Hyperplasia-Liver
60 Co Irradiation

0.3 Cgy/day 3234 F 76105 91094 5468 Glomerulonephritis, Severe Chronic

3244 F 76114 91059 5424 Mammary Carcinoma with
Metastasis

3247 M 76114 91104 5469 Congestive Heart Failure, Secondary
to Myocardial Degeneration

3262 M 76119

3287 M 76132 91245 5592 Kidney Carcinoma, Metastasis to
Adrenal, Thyroid, L. Node

3300 M 76173

3309 M 76174

3363 M 76292

3364 M 76292

3368 F 76293

3374 M 76293

3377 M 76302 91077 5254 Lung -N.ecrosis, Seizures

3378 F 76302

3385 M 76302

3410 M 76306 92003 5541 Thyroid Carcinoma, with Metastasis

3418 M 76308

3432 F 76325 91225 5379 Disc Degeneration, Pyelonephritis,
Liver Dtgeneration

3433 F 76325

3447 F 76331 9;192 5340 Diverse Clinical and Gross Findings,
No PCOD Yet

3456 M 76334 92104 5614 HydrocephalUS, PhechromocytomA

3543 M 77164

3544 M 77164

3549 M 77172 91157 5098 Right Heart F'ilure, Liver Chronic
Passive Congestion, Seizures

3552 F 77190 92169 5467 Lung - Adenocarcinoma
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Table 49

Status of Dogs Transferred from Argonne National Laboratory to ITRI on January 23, 1991

Birth Death Death
Study Name Tattoo Sex Date Date Age Gross Findings

Protracted 3555 F 77180
Whole-Body
6OCo Irradiation 3571 F 77195
0.3 Cgy/day 3572 F 77195 91073 4991 Mammary Neoplasia with Metastasis
(Cont.)

3575 F 77195 91204. 5122 Myocardial Infarction

3576 M 77195 91135 5053 Chronic Pyelonephritis

3590 F 77238

3602 F 77270 91207 5050 Adrenal Cortical Carcinoma

Hematologic 4171 F 84220
Changes in
Radiation 4173 M 84220
Induced 4178 M 84223
Leukemia 4230 M 86034

4231 M 86034

4236 M 86081

4238 M 86081

4319 F 86305

4446 M 88044

4449 M 88045

4512 M 89137

4518 M 89138

4524 M 89144

4525 M 89144

4532 M 89148

4535 M 89148

4541 M 89148

4549 M 89187

9001 F 81008

Fractionated 4358 M 87129
Weekly Doses
from WOCo 4405 M 87207

External
Irradiation 4427 M 87343
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Table 49

Status of Dogs Transferred from Ariormne National Laboratory to ITRI on January 23, 1991

Birth Death Death
Study Name Tattoo Sex Date Date Age Gross Findings

Continuous 3055 F 75118
Irradiation
In Utero 4147 F 83308

4148 F 83308

4150 F 83308

Cadonium 3917 F 81112
Metabolism
in Dogs 9009 F 83185

Colony Controls 3542 M 77164

3591 M 77238

3618 M 77341 91214 4986 Ruptured Disk, Cord Compression

3695 F 78171 91144 4721 Ovary-Tumor, Liver-Fibrosarcoma

3752 M 78179

3784 M 79127

3835 M 79267

3909 M 81111

3936 M 81175

3991 M 82005

4161 F 84003
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IV. PUBLICATIONS FROM THE LIFE-SPAN
STUDIES IN DOGS AT THE ITRI



A. OPEN-LITERATURE PUBLICATIONS FROM INCEPTION OF THE ITRI STUDIES THROUGH
FY-1990 (Total of 309)

Full references to thtse publications are given in : Annual Report on Long-Term Dose-Response Studies
of Inhaled or Injected Radionuclides; 19&3-1989, pp. 129-150, Report LMF-128 (1990) and 1989-1990, pp. 157-
159, Report LMF-130 (1991).

B. OPEN-LITERATURE PUBLICATIONS OF THE ITRI STUDIES DURING FY-1991 (Total of 33)

Benjamin, S. A., K. J. Nikula, B. A. Powers and F. F. Hahn: Radiation and Heat. In A Handubook of
Toxicologic Pathology, (W. M. Haschck-Hock and C. G. Rousseaux. eds.), Academic Press, 1991.

Bice, D. E., D. N. Weissman and B. A. Muggenburg: Long-Term Maintenance of Localized Antibody
Responses in the Lung. Immunology (in press).

Boecker, B. B., B. A. Muggenburg, F. F. Hahn, K. J. Nikula and W. C. Griffith: Life-Span Health
Effects of Relatively Soluble Forms of Internally Deposited Beta-Emitting Radionuclides. To he
published in Proceedings of the International Radiation Protection Association 8th Congress, to be held
in Montreal Quebec, Canada, May 1992 (in press).

Boecker, B. B., R. M. Hall, Jr. , K. G. W. lun. 1. N. P. Lawrence and P. L. Ziemer: Current Status (f

Bioassay Procedures to Detect and Quantify Previous Exposures to Radioactive Materials. Health PhyY.
60(1): 45-100, 1991.

Brooks, A. L., R. A. Guilmette. F. F. Hahn, P. 1. Haley, B. A. Mucgenburg, 1. A. Mewhinney and R.
0. McClellan: Distribution and Biological Effects of Inhaled 239 Pu(NO3)4 in the Cynomolgus Monkey.

Reid. Research (submitted).

Chang, 1. Y., W. C. Griffith, L. J. Shyr. H. C. Yeh. R. G. Cuddihy and F. A. Seiler: Software for the
Draft NCRP Respiratory Tract Dosimetry Model. Radiat. Prot. Dosim. (in press).

Davila, D. R., R. A. Guilmette, D. E. Bice, B. A. Muggenburg, D. S. Swafford and P. 1. Haley: Long-
Term Consequences of 239pu0 2 Exposure in Dogs: Persistent T Lymphocyte Dysfunction. Int. J. Radiat.
Biol. (in press).

Diel, J. H., R. A. Guilmette, B. A. Muggenburg, F. F. Hahn and I.-Y. Chang: Influence of Dose Rate on
Survival Time for 239pu02 Induced Radiation Pneumonitis or Pulmonary Fibrosis in Beagles. Raudiat.
Res. (in press).

Gillett, N. A., R. R. Pool, G. N. Taylor, B. A. Muggenburg and B. B. Boecker: Strontium-90 Induced
Bone Tumors in Beagle Dogs: Effects of Route of Exposure and Dose Rate. Int. J. Radiat. Biol.
(submitted).

Gillett, N. A., R. R. Pool and B. A. Muggenburg: Tumors of Bone. To be published as Book Chapter in
the DOE/OilER Beagle Pathology Athla (in press).

Gillett, N. A., B. L. Stegelmeier, G. Kelly, P. J. Haley and F. F. Hahn: Expression of Epidermal Growth

Factor Receptor in Plutonium-239 Induced Lung Neoplasms in Dogs. Vet. Pathol. (in press).
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Gillett, N. A., B. L. Stegelmeier, I.-Y. Chang and G. Kelly: Expression of Transforming Growth Factor
Alpha in Plutonium-239 Induced Lung Neoplasms in Dogs: Investigations of Autocrine Mechanisms of
Growth. Radiat. Res. 126: 289-295, 1991.

Griffith, W. C., B. B. Boecker, N. A. Gillett, R. A. Guilmette, F. F. Hahn and B. A. Muggenburg:
Comparison of Risk Factors for Bone Cancer Induced by Inhaled 9°SrCl and 238PuO2 . Proceedings of
the EULEP/DOE Joint Bone Radiobiology Workshop, VCD-472-136, pp. 13-16, NTIS, Springfield, VA,
1991.

Griffith, W. C., B. B. Boecker, F. F. Hahn, B. A. Muggenburg and M. B. Snipes: The Effect of Dose
Protraction on the Incidence of Lung Carcinomas in Beagle Dogs with Internally Deposited B-Emitting
Radionuclides. To be published in Proceedings of the International Radiation Protection Association 8th
Congress, to be held in Montreal, Quebec, Canada, May 1992 (in press).

Griffith, W. C. and R. A. Guilmette: Multiparameter Analysis of Fallout Plutonium Burdens in Human
Liver. Radiat. Prot. Dosim. (in press).

Guilmette, R. A. and A. F. Eidson: Using Animal Dosimetry Models to Interpret Human Bioassay Data for
Actinide Exposures. Int. J. Radioanalytical Nucl. Chem. (in press).

Guilmette, R. A. and W. C. Griffith: The Effect of Isotope on the Dosimetry of Inhaled Plutonium Oxide.
To be published in Proceedings of the International Radiation Protection Association 8th Congress, to
be held in Montreal, Quebec, Canada, May 1992 (in press).

Guilmette, R. A. and B. B. Boecker, eds: Respiratory Tract Dosimetry. Radiat. Prot. Dosim. 38(l): 249,
1991.

Guilmette, R. A. and B. A. Muggenburg: Effectiveness of Continuously Infused DTPA Therapy in Reducing
the Radiation Dose from Inhaled 24"Cm 20 3 Aerosols. Health Phys. (submitted).

Hahn, F. F., N. A. Gillett, B. B. boecker, R. A. Guilmette and B. A. Muggenburg: Comparison of Bone
Lesions Induced by Inhaled 9°SrCl, or 238PuO,. Proceedings of the EULEP'DOE Joint Bone
Radiobiology Workshop, VCD-472-136, NTIS, Springfield. VA, 1991.

Hahn, F. F., W. C. Griffith, B. B. Boecker, B. A. Muggenburg and D. L. Lundgren: Comparison of the
Effects of Inhaled 239puO 2 and -Emitting Radionuclides on the Incidence of Lung Carcinomas in
Laboratory Animals. To be published in Proceedings of the International Radiation Protection
Association 8th Congress, to be held in Montreal, Quebec, Canada, May 1992, (iil press).

Hahn, F. F., W. C. Griffith, C. H. Hobbs, B. A. MugSenburg and B. B. Boecker: Biological Effects of
91Y in Relatively Insoluble Particles Inhaled by Beagle Dogs. To be published in Proceedings .f the 7th
International Symposium on Inhaled Particles, held in Edinburgh, Scotland, September 16-21, 1991
(submitted).

Kelly, G., P. R. Kerkof, P. J. Haley and F. F. Hahn: Proto-Oncogene mRNA Expression in Plutonium-
Induced Lung Tumors: Possible c-myc Rearrangement. Mol. Carcinogenesis. (submitted).

Kusewitt, D. F., F. F. Hahn and B. A. Muggenburg: Ultrastructure of a Spindle Cell Carcinoma in the
Mammary Gland of a Dog. Vet. Pathol. (in press).

Lowseth, L. A., N. A. Gillett, I.-Y. Chang, B. A. Muggenburg and B. B. Boecker: Detection of Serum
Alpha-Fetoprotein in Dogs with Hepatic Tumors. J. Am. Vet. Med. Assoc. 199: 735-741, 1991.
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Muggenburg, B. A., R. A. Guilmette, W. C. Griffith, F. F. Hahn, N. A. Gillett, and B. B. Boecker: The
Toxicity of Inhaled Particles of 23tPuO2 in Dogs. In Proceedings of the 7th International Symposium on
Inhaled Particles, held in Edinburgh, Scotland, September 16-21, 1991 (submitted).

Muggenburg, B. A., R. A. Guilmette, L. M. Romero, and J. A. Mewhinney: Improvements in Lung
Lavage to Increase its Effectiveness in Removing Inhaled Radionuclides. To be published in Proceedings
of the International Radiation Protection Association 8th Congress, to be held in Montreal, Quebec,
Canada, May 1992 (in press).

Muggenburg, B. A., B. B. Boecker. F. F. Hahn and R. 0. McClellan: Lung Lavage Therapy to Lessen the
Biological Effects of Inhaled 144 Ce in Dogs. Radiat. Res. 124: 147-155, 1990.

Rebar, A. H., W. C. Griffith, B. A. Muggenburg and F. F. Hahn: Spontaneous Lymphoma in a Closed
Colony of Purebred Beagle Dogs. Vet. Pathol. (submitted).

Scott, B. R. and L. E. Dillehay: A Model for Hematopoietic Death in Man from Irradiation of Bone

Marrow During Radioimmunotherapy. Br. J. Radiol. 63: 862-870, 1990.

Shyr, L. I., J. H. Diel, I.-Y. Chang and R. A. Guilmette: A Method for Studying the Effect of the
Distribution of Inhaled 239PuO, Particles on Doe-Rate Distribution in the Beagle Dog Lung. Radiat.
Prot. Dosimn. (submitted).

Shyr. L. J., W. C. Griffith and B. B. Boecker: An Optimization Strategy for a Biokinetic Model of Inhaled
Radionuclides. Fundram. Appl. Toxicol. 16: 423-434, 1991.

Shyr, L. J. and B. A. Muggenburg: A Comparison of the Predicted Risks of Developing Osteosarcoma for
238 PuO,-Exposed Dogs Based on Average Bone Dose or Endosteal Cell Dose. Radiat. Res. (submitted).
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C. DOCUMENT REPORTS RESULTING FROM THE ITRI STUDIES

Report
No. Date Title

LF-28 Sep 1965 Selective Summary of Studies on the Fission!
Product Inhalation Program
from July 1964 through June 1965

LF-33 Nov 1966 Selective Summary of Studies on the Fission
Product Inhalation Program
from July 1965 through June 1966

LF-38 Nov 1967 Fission Product Inhalation Program
Annual Report, 1966-1967

LF-39 Nov 1968 Fission Product Inhalation Program
Annual Report, 1967-1968

LF-41 Nov 1969 Fission Product Inhalation Program
Annual Report, 1968-1969

LF-43 Nov 1970 Fission Product Inhalation Program
Annual Report, 1969-1970

LF-44 Nov 1971 Fission Product Inhalation Program
Annual Report, 1970-1971

LF-45 Nov 1972 Fission Product Inhalation Program
Annual Report, 1971-1972

LF-46 Dec 1973 Inhalation Toxicology Research Institute
Annual Report, 1972-1973

LF-49 Dec 1974 Inhalation Toxicology Research Institute
Annual Report, 1973-1974

LF-52 Dec 1975 Inhalation Toxicology Research fnstitute
Annual Report, 1974-1975

LF-56 Dec 1976 Inhalation Toxicology Research Institute
Annual Report, 1975-1976

LF-58 Dec 1977 Inhalation Toxicology Research Institute
Annual Report, 1976-1977

LF-60 Dec 1978 Inhalation Toxicology Research Insti;tute
Annual Report, 1977-1978

LF-69 Dec 1979 Inhalation Toxicology Research Institute
Annual Report, 1978-1979

LMF-84 Dec 1980 Inhalation Toxicology Research Institute
Annual Report, 1979-1980

LMF-91 Dec 1981 Inhalation Toxicology Research Institute
Annual Report, 1980-1981

LMF-102 Dec 1982 Inhalation Toxicology Research Institute
Annual Report, 1981-1982
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Report
No. Date Title

LMF-107 Dec 1983 Inhalation Toxicology Research Institute

Annual Report, 1982-1983

LMF-1 13 Dec 1984 Inhalation Toxicology Research Institute
Annual Report, 1983-1994

LMF-114 Dec 1985 Inhalation Toxicology Research Institute
Annual Report, 1984-1985

LMF-115 Dec 1986 Inhalation Toxicology Research Institute

Annual Report, 1985-1986

LMF-120 Dec 1987 Inhalation Toxicology Research Institute

Annual Report, 1986 1987

LMF-121 Dec 1988 Inhalation Toxicology Research Institute

Annual Report, 1987-1988

LMF-128 Aug 199" Annual Report on Long-Term Dose-Response
Studies of Inhaled or Injected Radionuclides,
1988-1989

LMF-130 Mar 1991 Annual Report on Long-Term Dose-Response
Studies of Inhaled or Injected Radionuclides,
1989-1990

LMF-135 Mar 1992 Annual Report on Long-Term Dose-Response
Studies of Inhaled or Injected Radionuclides,
1990-1991 (this report)
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V. PUBLICATIONS FROM LIFE-SPAN STUDIES IN
DOGS AT THE UNIVERSITY OF UTAH



A. OPEN-LITERATURE PUBLICATIONS FROM INCEPTION OF THE UTAH STUDIES
THROUGH FY-1990 (Total of 373)

Full references to these publications are given in: Annual Report on Long-Term Duse-Response Studies
of Inhaled or Injected Radionuclides; 1988-1989, pp. 151-176, Report LMF-128 (1990) and 189-1990, pp. 163-
164, report LMF-130 (1991).

B. OPEN-LITERATURE PUBLICATIONS .t: THE UTAH STUDIES DURING FY-1991
(Total of 22)

Bruciger, F. W., G. Kuswik-Rabiega and S. C. Miller: Decorporation of Aged Actinide Deposits by Oral
Administration of Lipophilic Polyaminocarboxylic Acids. J. Medicinal Chemistry (in press).

Bruenger, F. W., R. D. Lloyd and S. C. Miller: The Influence of Age at Time of Exposure to 226Ra or
239Pu on Distribution, Retention, Postinjection Survival and Tumor Induction in Beagle Dogs. Radiat.
Res. 125:248-256, 1991.

Bruenger, F. W., S. C. Miller and R. D. Lloyd: A Comparison of the Natural Survival of Beagle Dogs
Injected Intravenously with Low Levels of 239pu, 22 8Th, 226Ra, 228Ra or 90Sr. Radia:. Res. 126:328-
337, 1991.

Bruenger, F. W., E. Polig and W. S. S. Jee: Local Distribution of 239pu Using Digitized Images of
Neutron Induced Autoradiographs. Radiat. Prot. Dosim. 35:149-157, 1991.

Bruenger, F. W., D. M. Taylor and R. D. Lloyd: Effectiveness of DTPA Treatments Following the
Injection of Particulate Plutonium. Int. J. Raliat. Biol. 60:803-818, 1991.

lee, W. S. S., 1. Inuoe, K. W. Jee, T. Haba, H. Z. Ke, X. J. Li and R. B. Setterberg:
Histomorphometry Assay of Growth Bones. In: Handbook of Bone Morphometry, Second Edition, H.
Takahashi, ed., Nashimura Co. Ltd., Niigata City, Japan (in press).

Lloyd, R. D.: A Brief Glance at the Scientific Legacy of Charles W. Mays, Jr. Health Phys. (in press).

Lloyd, R. D. and F. W. Bruenger: Rn to Ra Ratios in Hour at Death in Beagles Injected with 226 Ra
Between 90 and 300 Days of Age. Health Phys. 60:567-568, 1991.

Lloyd, R. D. and G. N. Taylor: NTS Fallout-Induced Multiple Myeloma in Utah. Health Phys. 61:671-
674, 1991.

Lloyd. R. D., F. W. Bruenger, S. C. Miller, W. Angus, G. N. Taylor, W. S. S. Jee and E. Polig:
Distribution of Radium-Induced Bone Malignancies in Beagles and Comparison with Humans. Health
Phys. 60:435-438, 1991.

Lloyd. R. D., G. N. Taylor, W. Angus, F. W. Bruenger and S. C. Miller: Bone Cancer Occurrence
Among Young Adult Beagles Given 239pu. Health Phvs. (submitted).

Marks, S. C., Jr., E. K. Larson, B. M. Bowman and S. C. Miller: Local Induction of Alveolar Bone in
Adult Dogs by Infusion of Prostaglandin E1 . In: Biological Mechaiisns of Tooth Eruption and Root

Resorption. Volume II, Z. Davidovitch. ed., Ohio State University Press (in press).
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Marks, S. C., Jr., L. K. Osier and S. C. Miller: Prostaglandins and New Bone Formation. Chapter In:
Bone Grafts." From Basic Science to Clinical Application, M. B. Habal and A. H. Reddi, eds., W. B.
Saunders (in press).

Marks. S. C., Jr. and S. C. Miller: Site-Directed Formation of New Lamellar Bone in Adult Dogs by
Infusion of Prostaglandin E,. In: FundtmentaLT of Bone Growth." Methodology and Applications, A. D.
Dixon, B. G. Sarnat and D. A. N. Hoyte, eds., CRC Press, Boca Raton, Chapter 37, pp. 375-381,
1991.

Mays, C. W., H. F. Lucas and R. D. Lloyd: Radium-226 Dose to a Boy from Playing on Mill Tailings.
Health Phys. 61:203-207, 1991.

Miller, S. C. and W. S. S. Jee: Bone Lining Cells. In: Bone, Vol. 4, Bone Metabolism and
Mineralization, CRC Press, Boca Raton, FL, pp. 1-19, 1991.

Polig, E. and W. S. S. lee: Hit Rates and Radiation Doses to Nuclei of Bone Lining Cells from Alpha-
Emitting Radionuclides. Radiat. Res. (in press).

Polig, E., W. S. S. Jee, R. B. Setterberg and F. Johnson: Local Distribution and Dosimetry of 226Ra in
the Trabecular Skeleton of the Beagle. Radiat. Res. (in press).

Stannard, J. N., R. D. Lloyd. P. W. Durbin, R. K. Jones, N. 1. Parks, R. R. Pool and H. A. Ragan:
Some Aspects of Strontium Radiohiology. NCRP Report No. 110, National Council on Radiation

Protection and Measurements, Bethesda, MD. 1991.

Taylor, G. N., R. D. Lloyd, C. W. Mays, W. Angus, S. C. Miller, L. Shabestari and F. F. Hahn:
Plutonium or Americium-Induced Liver Tumors in Beagles. Health Phys. 61:337-347, 1991.

Taylor, G. N., R. D. Lloyd. C. W. Mays, L. Shabestari and S. C. Miller: Promotion of Radiation-

Induced Liver Neoplasia by Ethanol. Health Phys. (in press).

Woodard, J. C. and W. S. S. Jee: Skeletal System. In: Fundamentals of Toxicologic Pathology, W. M.

Haschek-Holik and C. Rorisseau, eds., Academic PFess (in press).
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C. DOCUMENT REPORTS RESULTING FROM THE UTAH STUDIES

Report
"No. Date Title

TID-7639 Jun 1954 Consultants Meeting

AECU-3418 Mar 1955 Annual Report

AECU-3109 Sep 1955 Semi-Annual Report

TID-16458 Mar 1956 Annual Report

TID-16459 Sep 1956 Semi-Annual Report

AECU-3522 Mar 1957 Annual Report

AECU-3583 Sep 1957 Semi-Annual Report

COO-215 Mar 1958 Annual Report

COO-216 Mar 1958 Escape of Radon and Thoron

COO-217 Sep 1958 Semi-Annual Report

AECU-4112 Feb 1959 Radioactive Fallout

COO-218 Mar 1959 Annual Report

COO-219 Sep 1959 Semi-Annual Report

COO-220 Mar 1960 Research in Radiobiology

COO-221 Aug 1960 Interim Report of 9°Sr

COO-222 Sep 1960 Research in Radiobiology

COO-223 Mar 1961 Research in Radiobiology

COO-224 Sep 1961 Research in Radiobiology

COO-225 Mar. 1962 Research in Radiobiology

COO-226 Sep 1962 Research in Radiobiology

COO-227 Mar 1963 Research in Radiobiology

COO-228 Sep 1963 Research in Radiobiology

COO-119-229 Mar 1964 Research in Radiobiology

COO-119-230 Jul 1964 (Superseded by COO-119-245)

COO- 119-231 Sep 1964 Research in Radiobiology

COO-1 19-232 Mar 1965 Research in Radiobiology

COO-119-233 Sep 1965 Research in Radiobiology

COO-I 19-234 Mar 1966 Research in Radiobiology

COO-119-235 Sep 1966 Research in Radiobiology

COO-1 19-236 Mar 1967 Research in Radiobiology

COO-119-237 Mar 1968 Research in Radiobiotogy

COO-119-238 Aug 1968 Rb in RBC, Plasma, and Urine
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Report
No. Date Title

COO-1 19-239 Dec 1968 Cs, Rb, and K Metabolism

COO-119-240 Mar 1969 Research in Radiobiology

COO-I 19-241 Mar 1970 Retention and Dosimetry

COO-119-242 Ian 1971 Research in Radiobiology

COO-119-243 Jan 1971 Osteosarcoma Growth Dynamics

C00- 1.9-244 Mar 1971 Research in Radiobiology

COO-119-245 May 1971 (Superseded by COO-119-255)

COO-119-246 Mar 1972 Research in Radiobiology

COO-119-247 Oct 1972 Rb and Cs Metabolism

COO-119-248 Mar 1973 Research in Radiobiology

COO-119-249 Mar 1975 Research in Radiobiology

COO-119-250 Mar 1975 Research in Radiobiology

COO-119-251 Mar 1976 Research in Radiobiology

COO-119-252 Mar 1977 Re-.earch in Radiobiology

COO- 119-253 Mar 1978 Research in Radiobiology

COO-119-254 Mar 1979 Research in Radiobiolog,'

COO-1 19-255 ian 1980 Radiobiology Safety Manual

COO-119-256 Mar 1980 Research in Radiobiology

COO-1 19-257 Mar 1982 Research in Radiobiology

COO-1 19-258 Mar 1983 Research in Radiobiology

COO-119-259 Dec 1984 Research in Radiobiology

COO-119-261 Dec 1985 Research in Radiobiology

COO-119-262 Dec 1986 Research in Radiobiology

COO-1 19-263 Dec 1987 Research in Radiobiology

COO-119-264 Dec 1988 Research in Radiobiology

LMF-121 Dec 1988 ITRI Annual Report

LMF-128 Aug 1990 Annual Report on Long-Term Dose-
Response Studies of Inhaled or Injected
Radionuclides, 1988-1989

LMF-130 Mar 1991 Annual Report on Long-Term Dose-
Response Studies of nhaled or Injected
Radionuclides, 1989-1990

LMF-135 Mar 1991 Annual Report on Long-Term Dose-
Response Studies of Inhaled or Injected
Radionuciides, 1990-1991 (this report)
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Data in this appendix are preliminary estimates through Scptember 30, 1991, of (a) total body or organ
contents and (b) the resultant radiation dose received by individual dogs that have been assigned to longevity or
acrifice studies. These estimates are provided as an information source for scientists in this laboratory and others

who desire to follow the progress of these studies. It must be emphasized that these data are preliminary and
based on results that may be inaccurate or incomplete at the time these tables were prepared. Although the data
represent the best information currently dvailable, it must be noted that, with time, certain values and diagnoses
will be modified and updated as new and better information becomes available. This information has not, as
yet, received the overall vigorous review and analysis by the respective investigators that is required before these
data can be used in subsequent analyses. Readers are cautioned against using these data for independent dose-
response modeling or other analytical efforts by other scientists until the principal ITRI investigators have had
the opportunity to perform the necessary basic data reviews and analyses and publish reports on these studies.

An expedited effort is underway to complete these reviews and publications. When the reviews have
been completed and the basic results published in the peer-reviewc I literature, the investigators will be very interested

in exploring collaborative efforts of mutual interest with other investigators to maximize the ways in which these
valuable data are ultimately used.

RADIOACTIVITY CONTENT

Initial body burden (IBB) is defined Ps the best current estimate of the total radionuclide content within
the body immediately after an inhalation exposure or intravenous injection.

Long-term retained burden (LTRB) is defined as the best current estimate of th- amount of radionuclide
remaining in the body after early clearance of the nasopharyngeal and tracheobronchial regions via the gastrointestinal
tract. The term is used in these tables to describe the type of body burden resulting from inhalation of a radionuclide
in a relatively soluble form. It is related to the amount of radionuclide deposited in the entire respiratory tract,
and not just to the fiaction deposited in the pulmonary region.

Initial lung burden (ILB) is defined as the lone-term retained burden associated with the inhalation of
relatively insoluble particles. In this case, essentially L11 of the body burden remaining after early clearance of
the oasopharyngeal and tracheobronchial regions is in the pulmonary region.

CLINICOPATHOILOGICAL FEATURES

Comments are tabulated for the current interpretation of the most prominent clinicopatholovical features

associated with the death of animals. It should be recognized that many animals have multiple tumors or other

lesions, not all of which can be listed in a summary table. Diavnoes are discussed in greater detail in the text

of this and preceding reports, and in open literature puhlication,.

RADIATION DOSE CALCIULATIONS

The methods used in establishing the radiation dose parameters presented have been described in the text

of the report or referenced to previous reports. A key consideration in these calculations is tissue weight, because

absorbed dose is inversely proportional to tissue weight. Tissue sxeights used for the calculated dose values reported

in Appendix A have changed over the years: it is importan: that the reader be a',ýare of these chances and the

rationale behind them.

Lung weights used in the earliest reportt:d doe calculation,, (1966-67 Annual Report. LF-38, pp. 19-

64 and 1967-68 Annual Report, LF-39. pp. 14-75) ,.ere tka,ed on a (lung ,%eiht)'(bodv wkeieht) radio of 0.0075

determined from tissue '.feirho-. from exsanu.natkd ds..". Th;, ratio %.a % hansed tii 0.014 in the 1968-69 Annual

Report (LF-41. pp. 27-28), based on calculations the e Atimad .eil.ht of lung ,Lvth its normal complement

of blood in the lving dog. Suhbequent experin..ntal evidcn,e rcport,.d in the 1971-72 Annual Report, (LF-45,
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pp. 119-128) indicated that this value was too high. Based on these results, our best estimate of the (lung weight
(with "1, ,d))i(bodv weight) ratio is 0.011. This value has been used for all dose calculations for dog lungs in
all annual report appendices. beginning with those in 1972-73 Annual Report, LF-46.

Liver vweights us.ed in early reports were calculated using a (liver weight)/(body weight) ratio of 0.027,
which was based on tissue w,,:ights from exsanguinated dogs. The ratio was used for dose calculations in all reports
through the 1971-72 Annual Report. LF-45. Based on experimental data presented on LF-45, the best estimate
for the (liver weight (with hlood));(b'sdy weight) ratio is 0.050. This value has been used for all dose calculations
for dog liver beginning with the 1972-73 Annual Report, LF-46.

Skeleton weights have always been calculated on the basis of a (skeleton weight)/('xody weight) ratio of

0.10.

Tracheobronchial lymph node weights are based on a (tracheobronchial lymph node weight)/(body weight)
ratio of O.O(05.
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A.1 90SRC!2. Longevity Study

BETA RAOIATION DOSE TO SKE
.. •........ ........... .° °..... °.... ......

INHALATION EXP. DOSE RATE (GY/DAY)
DOG IDENTIFICATION ----------------- 1.B.B. L.T.R.B. ............................... ....
.................. AGE WT ..................-.................. 730 POTENT.AT AT 73
TATTOO AN-EXPT SEX DATE DAYS KG RAWK M8Q/KG M8Q RANK UCI/KG MS8/KG INITIAL DAYS 5000 DAYS DEATH DAY
. .... . o. o... ... ... .... o. ° ...... ..... o .... o ..... .. .... ... . ... ... ... .. .. ..... -- -- ... •..... ..... o ----

157E 01-416 F 67115 431 9.7 01 10. 100. 01 120. 4.4 .55 .21 .070 .21 180.
lb'A 02-419 M 67124 387 9.0 09 7.8 70. 02 120. 4.4 .54 .013 .24
158E 02-416 F 67115 429 10.2 06 8.9 89. 03 120. 4.4 .54 .16 .053 .15 140.
195C 03-456 F 67275 397 9.3 03 10. 93. 04 110. 4.1 .48 .30
1958 02-456 M 67275 397 10.1 04 9.6 96. 05 100. 3.7 .48 .34
162F 01-419 F 67124 436 11.2 02 10. 110. 06 100. 3.7 .47 .21 .037 .20 180.
1588 03-416 M 67115 429 9.3 05 8.9 81. 07 100,. 3.7 .47 .36
1598 02-417 F 67117 430 9.8 08 8.1 78. 08 98. 3.6 .45 .29
1608 02-418 M 67122 435 9.5 07 8.5 81. 09 97. 3.6 .44 .18 .062 .17 150.
23C 01-261 M 65229 408 9.1 11 5.9 56. 10 83. 3.1 .37 .15 .057 .14 130.
159A 01-417 m 67117 430 11.3 10 6.7 74. 11 74. 2.7 .34 .25
160C 03-417 F 67117 430 10.4 12 5.9 59. 12 69. 2.6 .31 .075 .032 .068 70.
238 02-256 M 65208 387 8.0 17 4.1 33. 13 59. 2.2 .27 .081 .023 .059 76.
26F 03-263 F 65231 384 7.8 15 4.4 34. 14 52. 1.9 .24 .090 .037 .064 89.
13A 02-228 M 65123 381 8.3 19 3.7 30. 15 51. 1.9 .23 .066 .019 .054 64.
12F 01-228 F 65123 401 8.1 18 4.1 34. 16 50. 1.9 .26 .086 .045 .080 79.
162A 01-418 M 67122 434 11.9 13 4.8 56. 17 50. 1.9 .23 .095 .023 .060 88.
22E 02-257 F 65209 396 6.7 21 3.4 23. 18 44. 1.6 .20 .047 .015 .024 47.
26P. 01-262 M 65230 383 7.8 14 4.4 35. 19 41. 1.5 .19 .064 .024 .053 64.
198 01-252 M 65201 404 6.4 23 3.1 20. 20 40. 1.5 .18 .038 .013 .021 39.
22F 01-256 F 65208 395 8.8 16 4.4 37. 21 34. 1.3 .16 .062 .026 .051 59.
19C 02-252 F 65201 404 7.8 22 3.2 25. 22 28. 1.0 .13 .033 .014 .019 33.
22A 02-253 M 65202 389 10.5 20 3.6 37. 23 28. 1.0 .12 .061 .015 .035 61.
190 01-253 F 65202 405 8.7 24 2.6 23. 24 27. 1.0 .12 .034 .013 .021 35.
40E 03-283 F 65301 383 6.3 28 1.0 6.3 25 9.6 0.36 .044 .015 .0061 .0068 15.
28C 02-271 M 65256 406 7.6 26 1.1 8.5 26 9.3 0.34 .043 .014 .0056 .0084 15.
39C 02-283 F 65301 385 8.7 29 1.0 8.5 27 9.1 0.34 .042 .042 .0035 .0035 11.
38E 01-283 F 65301 391 6.5 27 1.1 7.0 28 8.9 0.33 .040 .0081 .0025 .0025 8.4
30C 02-272 m 65257 395 8.5 32 0.70 5.9 29 8.3 0.31 .037 .011 .0033 .0040 12.
308 01-272 M 65257 395 8.2 35 0.63 5.2 30 7.9 0.29 .036 .0090 .0030 .0032 9.!
42D 01-284 F 65302 377 7.8 30 0.93 7.0 31 7.7 0.28 .036 .011 .0030 .0030 11.
288 01-271 M 65256 406 7.2 25 1.2 8.5 32 7.1 0.26 .032 .010 .0030 .0050 11.
220 01-257 M 65209 396 9.1 36 0.59 5.2 33 6.8 0.25 .031 .0088 .0031 .0031 9..
300 03-272 N 65257 395 8.9 31 0.85 7.4 34 6.6 0.24 .030 .0091 .0028 .0039 9.!
42E 02-284 F 65302 377 8.7 13 0.70 6.3 35 6.1 0.23 .028 .0083 .0028 .0033 8..
42F 03-284 F 65302 377 7.3 34 0.63 4.8 36 5.7 0.21 .026 .0059 .0019 .0020 6.*
268 01-266 M 65238 391 9.0 37 0.24 2.2 37 3.2 0.12 .015 .0041 .00077 .00090 4.'
35E 02-277 F 65271 380 7.5 38 0.20 1.5 38 2.3 0.085 .010 .0033 .0016 .0017 3.!
30G 01-277 F 65271 409 7.0 39 0.17 1.2 39 2.2 0.081 .010 .0037 .0012 .0013 3.1
270 02-267 F 65239 390 10.6 41 0.15 1.6 40 2.2 0.081 .0098 .0019 .00035 .00039 1.5
27A 03-266 M 65238 389 9.1 43 0.15 1.3 41 1.9 0.070 .0087 .0018 .00047 .00070 1.1
26G 02-266 F 65238 391 7.0 46 0.12 0.81 42 1.9 0.070 .0086 .0019 .00035 .00040 I.1
23E 01-265 N 65237 416 7.8 45 0.12 0.93 43 1.7 0.063 .0079 .0029 .00057 .0016 2.;
248 03-265 M 65237 398 8;2 42 0.15 1.2 44 1.6 0.059 .0055 .0024 .00074 .00074 2.;
37F 01-282 F 65300 400 8.1 44 0.12 1.0 45 1.1 0.041 .0048 .0019 .00058 .00070 M.•
24A 02-265 m 65237 398 8.0 40 0.16 1.3 46 1.0 0.037 .0047 .0017 .00038 1.;
30E 01-276 M 65270 408 8.1 47 0.10 0.81 47 1.0 0.037 .0046 .0017 .00033 .00035 1.1
30F 02-276 F 65270 408 10.4 418 0.10 1.0 48 0.97 0.036 .0043 .0013 .00031 .00036 1.1



BETA RADIATION DOSE TO SKELETCN

DOSE RATE (GY/DAY) CUMUJLATIVE (GY)S................................ ....................... DAYS
730 POTENT.AT AT 730 POTENT.TO TO DEATH TO

INITIAL DAYS 5000 DAYS DEATH DAYS 5000 DAYS DEATH DATE DEATH CO4MENT
....... ..... ...... .. .... ................ ...... .................................................

.55 .21 .070 .21 180. 730. + 190. 69143 759 E-FISROSARCCKA,PELVIS

.54 .013 .24 520. + 170. 68344 585 D-EPILEPTIC SEIZURES

.54 .16 .053 .15 140. 550. + 170. 69311 927 E-HEHANGIOSARCOA,SITE UNDETERMINED

.48 .30 8.1 67296 21 D-HEMATOLOGICAL DYSCRASIA

.48 .34 11. 67303 28 D-HEMATOLOGICAL DYSCRASIA

.47 .21 .037 .20 180. 610. + 220. 69279 886 E-OSTEOSARCCMA,ILIUM

.47 .36 13. 67146 31 E-HEMATOLOGICAL DYSCRASIA

.45 .29 6.6 67135 18 E-HEMATOLCGICAL DYSCRASIA

.44 .18 .062 .17 150. 620. + 170. 69255 864 E-FIBROSARC.,RIBS;HEMANGIOSARC.,SCAPULA,RIB

.37 .15 .057 .14 !30. 540. + 180. 68233 1099 E-OSTEOSARCGHA,RIB

.34 .25 8.5 67146 29 D-HEMATOLOGICAL OYSCRASIA

.31 .075 .032 .068 70. 280. + 99. 70163 1142 E-HEMANGIOSARCCOKA,HUMERUS

.27 .081 .023 .059 76. 270. + 150. 70169 1737 E-OSTEOSARCGMA,HUMERUS

.24 .090 .037 .064 89. 330. + 180. 70343 1938 E-OST-SARC.,VERT.;HEN-SARC.,RIB AND MAND.

.23 .066 .019 .054 64. 220. + 100. 69023 1361 0-CERESELLAR HEMORRHAGE

.26 .086 .045 .080 79. 350. + 100. 68074 1046 E-HEMANGIOSARCOMA,ILIUM

.23 .095 .023 .060 88. 320. + 170. 71363 1702 E-OSTEOSARCOMA,MAXILLA

.20 .047 .015 .024 47. 160. + 130. 74044 3122 E-OSTEOSARCOA,VERTEBRAE

.19 .064 .024 .053 64. 230. + 100. 69173 1404 D-OSTEOSARCOMA,SACRLM

.18 .038 .013 .021 39. 140. + 100. 73243 2964 O-OSTEOSARCONA,MAXILLA

.16 .062 .026 .051 59. 230. + 100. 69237 1540 E-OSTEOSARCCM,MAXILLA

.13 .033 .014 .019 33. 120. + 95. 74151 3237 D-OSTEOSARCOMA,MANDIBLE

.12 .061 .015 .035 61. 200. + 130. 71258 2247 E-HEMANGIOSARCOtARIB

.12 .034 .013 .021 35. 120. + 85. 72279 2633 E-OSTEOSARCOMA,SKULL

.044 .015 .0061 .0068 15. 56. + 49. 76273 3994 E-HEPATITIS
.043 .014 .0056 .0084 15. 51. + 33. 72136 2436 D-MYELOMCNOCYTIC LEUKEMIA
.042 .042 .0035 .0035 11. 37. 37. 80084 5261 E-MESOTHELIC1HA, PLEURA
.040 .0081 .0025 .0023 8,4 28. 28. 81135 5678 E-OSTEOARTHRITIS
.037 .011 .0033 .0040 12. 39. + 38. 77327 4453 E-LYMPHOSARCOIA
.036 .0090 .0030 .0032 9.5 32. 32. 78304 4795 D-ADENOCARCINOMA,LUNG
.036 .011 .0030 .0030 11. 37. 37. 80263 5439 E-NEPHROSCLEROSIS
.032 .010 .0030 .0050 11. 35. + 28. 74046 3077 E-MYXOSARCOKA,MAXILLA
.031 .0088 .0031 .0031 9.3 31. 31. 80171 5440 D-CONGESTiVE HEART FAILURE
.030 .0091 .0028 .0039 9.3 32. + 29. 76114 3874 E-HEMANGIOSARCOMA,HEART
.028 .0083 .0028 .0033 8.3 30. + 27. 76211 3926 0-MALABSORPTICN SYNDROME
.026 .0059 .0019 .0020 6.7 21. 21. 79253 5064 D-HEPATIC DEGENERATICN
.015 .0041 .00077 .00090 4.1 13. 13. 79095 4970 E-TRANSITICNAL CELL CARCINCOA,BLADOER
.010 .0033 .0016 .0017 3.5 13. + 12. 78107 4584 0-CONGESTIVE HEART FAILURE
.010 .0037 .0012 .0013 3.8 13. 13. 79085 4927 E-ADENOCARCINOMA, NASAL CAVITY
.0098 .0019 .00035 .00039 1.9 5.7+ 5.6 78235 4744 E-EPENOYMOMA,BRAIN
.0087 .0018 .00047 .00070 1.8 6.0+ 5.3 75248 3662 E-PERITOITIS
.0086 .0019 .00035 .00040 1.8 5.8 5.8 79204 5079 E-ADEN0CARCINOMA, MAMMARY GLAND.0079 .0029 .00057 .0016 2.7 8.9+ 6.1 71293 2247 D-ACCIDENTAL DEATH

.0055 .0024 .00074 .00074 2.2 8.3 8.3 80255 5496 E-NEPHROSCLERSITS

.0043 .0019 .00058 .00070 1.9 6.6+ 6.0 77034 4117 E-BRCNCHIOLCALVEOLAR CARCINOMA

.0047 .0017 .00038 1.7 5.4 5.4 81341 5948 E-NEPHROSCLEROSIS

.0046 .0017 .00033 .00035 1.8 5.3+ 4.3 74016 3033 D-TRANSITICNAL CELL CARCINCMA,SLAOOER

.0043 .0013 .00031 .00036 1.4 4.3+ 4.2 78228 4706 E-ADENOCARCINOMA,MAMMARY GLAND
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Al 9 0 SrCi2 , Longevity Study (continued)

BETA RADIATIOH DOSE TO SXELE

INHALATION EXP. DOSE RATE (GY/DAY) CU
DOG IDENTIFICATION ----------------- [.B.. L.T.R.B. ............................... ......
------------------. AGE WT ------------------- .................. 730 POTENT.AT AT 730
TATTOO AN-EXPT SEX DATE DAYS KG RANK M8Q/KG MS8 RANK UCI/KG PBQ/KG INITIAL DAYS 5000 DAYS DEATH DAYS

19A 01-254 M 65203 406 8.7 C C
21C 02-254 F 65203 398 8.5 C C
24E 01-264 F 65232 393 8.6 C C
26E 02-264 F 65232 385 6.9 C C
28A 01-273 M 65258 408 9.1 C C
30A 03-273 M 65258 396 9.5 C C
31A 01-278 M 65272 400 9.1 C C
32A 02-278 M 65272 394 8.9 C C
338 03-278 M 65272 383 8.9 C C
35F 01-285 F 65305 414 8.1 C C
400 02-285 F 65305 387 9.4 C C
42C 03-285 F 65305 380 1.3 C C
158A 01-420 M 67115 438 10.2 C C
160A 02-420 M 67117 437 9.9 C C
162E 03-420 F 67122 436 10.2 C C

UCI/KG REPRESENTS MICROCURIES OF RADIONUCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.
MCQ/KG REPRESENTS MEGAEOCUERELS OF RADIONUCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.

DOSE RATE AND CUMULATIVE DOSE ARE PRESENTED AS FUNCTIONS OF TIME IN DAYS AFTER INHALATION EXPOSURE.
+ INDICATES THE DOG DIED BEFORE IT RECEiVED ITS POTENTIAL INFINITE DOSE.
CO94ENT: D, E, OR S INDICATE THE OOG DIED, WAS EUTHANIZED OR WAS SACRIFICED, RESPECTIVELY. PROMINENT FINDINGS ARE INCLI



BETA RADIATION DOSE TO SKELETON

DOSE RATE (GY/DAY) CUMULATIVE (GY)
... ......... .. ... .......... ....................... DAYS

730 POTENT.AT AT 730 POTENT.TO TO DEATH TO
L DAYS 5000 DAYS DEATH DAYS 5000 DAYS DEATH DATE DEATH CCMMENT
. ..... o . . . . . . .... ......... .............-- - -- - - - - - - - - .................. °..........................

73021 2740 D-SEPTICEMIA
78057 4602 D-CONGESTIVE HEART FAILURE
77357 4508 E-CARCINC•MA,THYROI0
80157 5403 D-ASPIRATION PNEUMONIA
80285 5505 D-CCNGESTIVE HEART FAILURE
75045 3439 E-EPIDERMAL CYST,SKULL
74008 3023 D-ARTERIOSCLEROSIS;HYPOTHYROIDISM
77125 4236 E-LYMPHOSARCCMA
79262 5103 D-LYMPHOSARCCMA
74030 3012 D-ACCIC=TAL DEATH
75307 3654 D-ADENOCARCINCMA,MAMMARY GLAND
79328 5136 D-NEPHROSCLEROSIS
81009 5003 E-SCUAMYJS CELL CARCINOMA,TONSIL
82120 5482 E-SCUAMCUS CELL CARCINOMA,TCNSIL
80141 4767 E-PITUITARY ADENOMA-CUSHING'S DISEASE

ATICN EXPOSURE.

IVELY. PROMINENT FINDINGS ARE INCLUDED.
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Al 90 SrCI2 , Sacrifice Study

BETA RADIATION DOSE TO SKELETO0S.... ... ........ ......... ........................

INHALATION EXP. DOSE RATE (GY/DAY) CUMULATIVI
DOG IDENTIFICATION ---------------- I.8.8. L.T.R.B. .............................. ..............
.................. AGE WT ---------------- .................. 730 POTENT.AT AT 730 POTENT.,
TATTOO AN-EXPT SEX DATE DAYS KG RANK MBC/KG MBQ RANK UCI/KG MB0/KG INITIAL DAYS 5000 DAYS DEATH DAYS 5000 DAI
........ . ...... . ...... . .... . ... .... . ..... ... .... ..... . .. ..... ----- .... ..... ..... .... . .... ........

78 01-212 M 65081 407 7.6 03 4.8 37 01 67 2.5 .29 .14 .030 .13 120 430+
4C 02-183 M 64325 405 7.4 02 4.8 36 02 65 2.4 .30 .23
IDA 02-215 M 65084 394 10.0 08 3.7 37 03 55 2.0 .22 .10 .022 .086 90 310+
8A 02-212 M 65081 402 7.9 01 5.5 44 04 51 1.9 .23 .10 .029 .084 90 340+
90 01-215 F 65084 398 8.9 04 4.8 44 05 47 1.7 .20 .095 .026 .080 84 310+
118 02-216 F 65085 389 9.7 09 3.4 33 06 47 1.7 .25 .17
28 01-183 M 64325 411 7.8 06 4.4 33 07 46 1.7 .21 .00001 .063 72.
109 01-216 F 65085 395 7.9 10 3.2 26 08 44 1.6 .20 .071 .017 .046 63 220+
98 01-214 M 65083 397 9.6 17 2.6 26 09 39 1.4 .18 .050 .0087 .038 48 150+
9C 02-214 F 65083 397 10.1 15 3.0 30 10 37 1.4 .17 .071 .010 .054 67 200+
12E 02-230 F 65125 403 8.4 18 2.6 21 11 36 1.3 .16 .060 .020 .039 56 210+
68 01-207 M 65054 414 7.6 20 2.3 17 12 36 1.3 .13 .044 .019 .021 44 160+
5A 02-184 M 64328 391 9.2 07 4.1 37 13 35 1.3 .16 .00029 .072 96+
88 01-213 M 65082 403 8.5 16 2.9 25 14 34 1.3 .16 .051 .017 .034 46 180+
40 01-184 M 64328 408 9.2 11 3.1 29 15 31 1.1 .14 .11
128 01-229 F 65124 402 11.0 21 2.2 24 16 30 1.1 .13 .041 .012 .022 39 140+
60 03-207 F 65054 414 7.4 13 3.0 22 17 29 1.1 .14 .043 .014 .024 43 150+
12D 01-230 F 65125 403 7.6 14 3.0 23 18 28 1.0 .13 .0034 .054 120+
6C 02-207 F 65054 414 8.2 19 2.4 20 19 24 0.89 .11 .040 .012 .017 38 130+
9A 02-213 M 65082 396 10.7 22 1.8 19 20 20 0.74 .093 .037 .014 .019 35 130+
48 01-185 M 64329 409 8.8 23 1.7 15 21 16 0.59 .071 .029 .015 .019 28 110+
12C 02-229 F 65124 402 9.6 24 1.6 16 22 15 0.55 .068 .023 .0085 .0099 22 80+
2A 02-182 M 64324 410 6.8 05 4.4 30 23 .33 .27
4A 01-182 M 64324 404 9.6 12 3.4 33 24 .13
5C 03-182 F 64324 387 5.7 C C
20 03-184 F 64328 414 9.9 C C
4E 03-183 F 64328 405 7.8 C C
6A 04-207 M 65054 414 10.0 C C
9E 01-217 F 65083 399 8.2 C C
Ioc 02-217 F 65085 393 8.9 C C
1ZA 01-231 M 65124 403 10.3 C C
138 02-231 M 65124 383 9.6 C C
13C 03-231 M 65124 383 8.7 C C
130 04-231 F 65124 383 6.5 C C

UCI/KG REPRESENTS M!CROCURIES OF RADIONUCLIDE PER KILOGRAM OF TOTAL BOGY WEIGHT.
NBC/KG REPRESENTS MEGABECUERELS OF RADIONUCLIOE PER KILOGRAM OF TOTAL BOOY WEIGHT.
DOSE RATE AND CUMJLATIVE DOSE ARE PRESENTED AS FUNCTIONS OF TIME IN DAYS AFTER INHALATION EXPOSURE.

INDICATES THE DOG DIED BEFORE IT RECEIVED ITS POTENTIAL INFINITE DOSE.
COMMENT: D, E, OR S INDICATE THE DOG DIED, WAS EUTHANIZED OR WAS SACRIFICED, RESPECTIVELY. PROMINENT FINDINGS ARE INCLUDED.

./0



BETA RADIATION DOSE TO SKELETON

DOSE RATE (GY/DAY) CUMULATIVE (GY)
- ......................... ....................... DAYS

730 POTENT.AT AT 730 POTENT.TO TO DEATH TO
DAYS 5000 DAYS DEATH DAYS 5000 DAYS DEATH DATE DEATH CO"IENT

.14 .030 .13 120 430+ 150. 67279 928 E-HEMANGIOSARCCMA,SCAPULA
.23 7.3 64353 28 S-

.10 .022 .086 90 310+ 130. 68157 1168 E-HEMANGIOSARCOMA,SCAPULA

.10 .029 .084 90 340+ 150. 68348 1362 E-OSTEOSARCOMA,VERTEBRA,SCAPULA

.095 .026 .080 84 310+ 130. 68305 1316 E-HEMANGIOSARCOMA,THORAX; HUMERUS
.17 6.0 65116 31 E-HEMATOLOGIC DYSCRASIA

.00001 .063 72+ 39. 65340 381 S-
.071 .017 .046 63 220+ 140. 70293 2034 D-OSTEOSARC.,SCAFULA A RIG;HEMANGIOSARC.,RIB
.050 .0087 .038 48 150+ 76. 68355 1367 E-FISPOSARCOMA,SKULL
.071 .010 .054 67 200+ 100. 68306 1318 E-OSTEOSARC.,TIB!A;HEMANGIOSARC.,SIIE UNO.
.060 .020 .039 56 210+ 140. 71314 2380 E-OSTEOSARCOMA,RIS,ILIUM
.044 .019 .021 44 160+ 130. 75140 3738 E-SGUAMOUS CELL CARCINOMA, NASAL CAVITY

.00029 .072 96+ 36. 65341 379 5-
.051 .017 .034 46 180+ 110. 71155 2264 E-OSTEOSARCOmA,TI8IA

.11 3.5 64357 29 S-
.041 .012 .022 39 140+ 100. 72336 2768 E-OSTEOSARCOMA,ILILN
.043 .014 .024 43 150+ 110. 72280 2782 E-OSTECSARCCrMA,MANDIBLE

.0034 .054 120+ 40. 66345 585 D-MYELCMONOCYTIC LEUKEMIA
.. 040 .012 .017 38 130+ 110. 74239 3472 E-OSTEOSARCOMA,MANDIBLE
.037 .014 .019 35 130+ 99. 74028 3233 E-OSTEOSARCOMA,MANOIBLE
.C29 .015 .019 28 110+ 71. 72035 2628 O-BASOSQUAMOUS CARCINOMA,TEMPORAL REGION
.023 .0085 .0099 22 80+ 72. 76329 4222 E-SQUAMOUS CELL CARCINOMA, SINUS CAVITY

.27 1.5 64329 5 s-
.13 0.77 64329 5 S-

64330 6 S-
65342 380 s-
64352 24 S-

78044 4738 E-CARCINOMA,THYROID
72165 2638 E-FIBROSARCC+iA,THORACIC WALL
7M103 3670 D-AOENOCARCINOMA,LUNG
78162 4786 D-CONGESTIVE HEART FAILURE; NEPHROSCLEROSIS
72183 2615 D-AUTOIMMUNE HEMOLYTIC ANEMIA
74147 3310 D-RENAL AMYLOIDOSIS
79068 5057 E-ADENOCARCINOMA,MAMMARY GLAND

LATION EXPOSURE.

JTIVELY. PROMINENT FINDINGS ARE INCLLDEý.
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A.3 1 4CeCI3 , Longevity Study

BETA RADIATI(

LUNG
INHALATION EXP. CUMULATIVE (GY) CUMUI

DOG IDENTIFICATION --------------- 1.8.8. L.T.R.8. -------------------........
.................. AGE WT ---------------------------------------- 365 730 TO 365
TATTOO AN-EXPT SEX DATE DAYS KG MBQ/KG RANK UCI/KG UCI MBQ/KG MBQ DAYS DAYS DEATH DAYS

152C 02-407 F 67094 428 8.3 27. 01 360. 2900 13. 110. 210.
1568 03-408 M 67096 418 8.6 19. 02 320. 2800 12. 100. 74.
1519 01-407 M 67094 431 9.8 17. 03 270. 2700 10. 100. 76.
1560 01-408 F 67096 418 10.0 16. 04 210. 2100 7.8 78. 48.
198E 01-457 F 67278 392 8.7 15. 05 210. 1800 7.8 67. 170. 170. 280.
151C 03-407 F 67094 431 10.0 14. 06 190. 1900 7.0 70. 52.
197D 02-458 F 67279 393 9.0 13. 07 190. 1700 7.0 63. 52.
199A 02-462 M 67285 397 8.5 13. 08 190. 1600 7.0 59. 64.
201G 02-463 F 67290 385 8.3 11. 09 170. 1400 6.3 52. 44.
153A 02-408 M 67096 430 10.3 10. 10 150. 1500 5.5 56. 86.
195A 01-458 M 67279 401 10.0 8.9 11 150. 1500 5.5 56. 120.
198A 01-462 m 67285 399 8.5 11. 12 140. 1200 5.2 44. 110. 120. 120. 180.
203F 03-463 F 67290 377 6.3 13. 13 140. 870 5.2 32. 42.
197C 03-462 M 67285 399 8.3 9.6 14 130. 1100 4.8 41. 98.
200A 02-460 M 67283 390 10.2 7.0 15 120. 1300 4.4 48. 95. 100. 160.
199E 01-460 F 67283 395 7.5 12. 16 110. 810 4.1 30. 87. 97. 99. 150.
62F 02-322 F 66082 388 9.6 7.4 17 100. 960 3.7 36. 79. 88. 88. 130.
201C 03-460 M 67283 378 8.8 10. 18 94. 830 3.5 31. 74. 83. 85. 120.
64A 01-326 M 66096 391 9.0 8.1 19 74. 660 2.7 24. 58. 65. 67. 98.
606 01-320 F 66075 402 8.6 4.8 20 69. 590 2.6 22. 55. 61. 62. 91.
200E 01-463 F 67290 397 8.3 9.3 21 68. 560 2.5 21. 54. 60. 61. 90.
62E 01-322 H 66082 388 8.1 4.8 22 67. 540 2.5 20. 53. 59. 60. 88.
64C 03-323 F 66084 379 9.3 5.2 23 55. 520 2.0 19. 43. 48. 50. 73.
628 02-321 H 66080 386 9.9 4.1 24 51. 500 1.9 19. 40. 45. 46. 67.
63C 02-323 F 66084 383 6.8 6.3 25 44. 300 1.6 11. 35. 39. 39. 58.
668 03-326 M 66096 385 8.8 4.4 26 43. 380 1.6 14. 34. 39. 39. 57.
658 02-326 H 66096 386 10.9 4.1 27 39. 430 1.4 16. 31. 34. 35. 51.
618 01-321 M 66080 397 9.5 2.5 28 31. 300 1.1 11. 24. 27. 28. 41.
60C 02-320 F 66075 402 10.2 4.8 29 28. 280 1.0 10. 22. 25. 25. 37.
638 01-323 M 66084 383 8.1 4.8 30 26. 210 0.96 7.8 21. 23. 23. 34.
54A 01-305 m 66027 407 10.2 1.6 31 25. 250 0.93 9.3 20. 22. 23. 33.
548 02-305 F 66027 407 11.6 1.6 32 24. 280 0.89 10. 19. 21. 22. 32.
52D 01-302 F 66025 410 7.7 1.6 33 21. 170 0.78 6.3 17. 18. 19. 28.
550 02-306 F 66028 407 8.7 1.7 34 17. 150 0.63 5.5 13. 15. 15. 22.
600 03-320 F 66075 402 8.8 5.5 35 16. 140 0.59 5.2 13. 14. 14. 21.
57A 02-308 M 66034 392 8.2 1.3 36 15. 130 0.55 4.8 12. 15. 14. 20.
538 02-301 F 66024 404 11.0 1.6 37 14. 150 0.52 5.5 11. 12. 13. 18.
53C 02-302 F 66025 405 9.0 1.6 38 14. 130 0.52 4.8 11. 12. 13. 19.
568 01-308 H 66034 402 10.9 1.3 39 14. 150 0.52 5.5 11. 12. 13. 19.
52C 01-301 F 66024 409 9.0 1.6 40 13. 120 0.48 4.4 10. 11. 12. 17.
55A 01-306 H 66028 407 10.8 1.2 41 12. 130 0.44 4.8 9.5 11. 11. 16.
57C 02-309 M 66035 393 8.2 0.89 42 12. 95 0.44 3.5 9.5 11. 11. 16.
518 01-299 M 66021 408 8.4 0.52 43 8.1 68 0.30 2.5 6.4 7.1 7.3 11.
578 01-309 M 66035 393 9.3 1.1 44 6.9 64 0.26 2.4 5.5 6.1 6.2 9.1
50E 03-297 F 66018 411 8.1 0.44 45 6.3 51 0.23 1.9 5.0 5.5 5.7 8.3
50A 01-297 M 66018 411 8.0 0.48 46 6.2 50 0.23 1.9 4.9 5.5 5.6 8.2
49A 01-294 M 66013 407 9.9 0.41 47 5.5 55 0.20 2.0 4.3 4.8 5.0 7.3
528 02-299 M 66021 406 10.9 0.37 48 5.2 56 0.19 2.1 4.1 4.6 4.7 6.9
498 02-294 M 66013 407 8.8 0.48 4? 4.9 43 0.18 1.6 3.9 4.3 4.4 6.5



BETA RADIATION DOSE TO TISSUE

LUNG LIVER SKELETON
CUMULATIVE (GY) CUMULATIVE (GY) CUMULATIVE (GY)
---------. ---. ---. -. -----------------. ................. DAYS
65 730 TO 365 730 TO 365 730 TO DEATH TO
AYS DAYS DEATH DAYS DAYS DEATH DAYS DAYS DEATH DATE DEATH COCMMENT
-. .--- .------......................................................................................................

210. 240. 70. 67238 144 D-PULMONARY INJURY
74. 32. 9.6 67117 21 E-HEMATOLOGICAL DYSCRASIA
76. 41. 12. 67125 31 E-HEMATOLOGICAL DYSCRASIA
48. 21. 6.1 67118 22 E-HEMATOLOGICAL OYSCRASIA

0. 170. 280. 280. 82. 84. 68288 375 D-PULMONARY FIBROSIS
52. 30. 8.6 67125 31 E-HEMATOLCGICAL DYSCRASIA
52. 30. 8.6 67311 32 D-HEMATOLOGICAL DYSCRASIA
64. 44. 13. 67329 44 D-HEMATOLOGICAL DYSCRASIA
44. 22. 6.5 67317 27 D-HEMATOLOGICAL OYSCRASIA
86. 96. 29. 67234 138 0-PULMONARY INJURY

120. 190. 56. 68250 336 D-HEPATIC INJURY
120. 120. 180. 260. 270. 55. 78. 81. 69353 779 E-OSTEOSARCOMA,VERTESRA

42. 25. 7.4 67326 36 D-HEMATOLOGICAL DYSCRASIA
98. 160. 46. 68229 309 0-HEPATIC INJURY

100. 160. 190. 49. 58. 69062 510 D-MARRCW APLASIA
7. 97. 99. 150. 200. 240. 43. 62. 74. 72265 1808 D-HEMANGIOSARCOMA,LIVER;HEPATIC DEGENERATION9. 88. 88. 130. 190. 200. 39. 56. 60. 68226 874 0-HEPATIC INJURY

83. 85. 120. 170. 210. 37. 53. 63. 72216 1759 E-HEMANGIOSARCOMA,LIVER;HEPATIC DEGENERATION3. 65. 67. 98. 140. 160. 29. 41. 50. 72069 2164 E-SQUAMOUS CELL CARCINC+HA,NASAL CAVITY
5. 61. 62. 91. 130. 150. 27. 39. 46. 70246 1632 E-SCUAM.CELL CARC.,NASAL CAVITY;ADENOMA,LUNG
4. 60. 61. 90. 130. 150. 27. 38. 46. 72247 1783 D-HEMANGIOSARCOMA,LIVER;HEPATIC DEGENERATION3. 59. 60. 88. 120. 150. 26. 38. 45. 70356 1735 D-HEMANGIOSARCCMA,LIVER;HEPATIC FIBROMA3. 48. 50. 73. 100. 120. 21. 31. 37. 71064 1806 E-MYELOGENOUS LEUKEMIA

45 46. 67. 94. 110. 20. 29. 34. 72356 2467 D-HEMANGIOSARCOMALIVER;HEPATIC DEGENERATION5. 39. 39. 58. 81. 97. 17. 29. 29. 78041 4340 E-BILE DUCT CYSTADENOMA,MULTIPLE;HEPATIC DEGEN.
.. 39. 39. 57. 80. 95. 17. 29. 29. 73312 2773 E-SQUAM.CELL CARC.,NASAL CAVITY;CARCINOMA,LUNG
1. 34. 35. 51. 72. 86. 15. 22. 26. 73151 2612 E-HEMANGIOSARCOMA,NASAL CAVITY4. 27. 28. 41. 57. 68. 12. 21. 21. 75287 3494 D-SQUAMOUS CELL CARCINCMA,NASAL CAVITY
2. 25. 25. 37. 52. 62. 11. 19. 19. 75093 3305 E-MALIGNANT MELANOMA,EAR CANAL; EPENDYMCMA1. 23. 23. 34. 48. 57. 10. 17. 17. 78326 4625 E-SO. CELL CARC.,MOUTH;BILE DUCT CYSTAOENOMAS,MULT.22. 23. 33. 46. 55. 9.8 17. 17. 78354 4710 E-NEPHRITIS, BILIARY CYSTS,MULT.;CARC.,PROSTATE

21. 22. 32. 44. 53. 9.4 16. 16. 76351 3976 E-CARCINCMA,MAMMARY GLAND;NOOULAR HYPERPLASIA LIVER7. 18. 19. 28. 39. 46. 8.2 14. 14. 80051 5139 E-CARCINCMA,BLADOER;CARC.,LUNG;CARC.,THYROID
15. 15. 22. 31. 37. 6.6 11. 11. 77062 4052 E-DISC DISEASE;CARC.,THYR. AND ADREN.;BILIARY CYSTS14. 14. 21. 30. 35. 6.2 11. 11. 77251 4194 E-HEMANGIOSAR.,LIV.;BILIARY CYSTS,MULT.;ADENOMA,PIT.. 13. 14. 20. 28. 33. 5.9 8.4 10. 71034 1826 E-MYELOPROLIFERATIVE DISOER
12. 13. 18. 26. 31. 5.5 9.4 9.4 77064 4058 D-CONGESTIVE HEART FAILURE
12. 13. 19. 26. 31. 5.5 7.8 9.4 78116 4474 E-CARC.,MAM.GLAND;BILE DUCT CYSTADENOMA;HEP. DEGEN.
12. 13. 19. 26. 31. 5.5 7.8 9.4 71019 1811 O-MYELOGENCUS LEUKEMIA
11. 12. 17. 24. 29. 5.1 7.3 8.7 75298 3561 0-ADENOCARC.,MAM.GLAND;SQUA.CELL CARC.,NASAL CAVITY).5 11. 11. 16. 22. 26. 4.7 6.7 8.0 76070 3694 E'ADENOCARC.,BRONCHOGENIC-LUNG;BILIARY CYSTAD.,MULT.

).5 11. 11. 16. 22. 26. 4.7 6.7 8.0 77102 4085 E-SQUAM.CELL CARC.,NASAL CAVITY-.4 7.1 7.3 11. 15. 18. 3.2 4.5 5.4 81027 5435 E-CARC:NOMA,LIVER-HEPATOCELLULAR
•.5 6.1 6.2 9.1 13. 1. 2.7 .9 .6 859 5137 D-CARCINCMA,BILE DUCT
.0 5.5 5.7 8.3 12. 14. 2.5 3.5 4.2 74213 3117 D-HEPATIC LIPIDOSIS & DEGENERATION

• 9 5.5 5.6 8.2 12. 14. 2.4 3.5 4.2 74031 2933 O-EPENDYMCNA, CENTRAL NERVOUS SYSTEM
• .3 4.8 5.0 7.3 10. 12. 2.2 3.1 3.7 78012 4382 D-MALIGNANT MELANOMA,SOFT PALATE
-.1 4.6 4.7 6.9 9.6 11. 2.0 2.9 3.5 78279 4641 E-ADENOC.ARCINO*tA, PERIANAL GLAND
;.g 4.3 4.4 6.5 9.1 11. 1.9 2.7 3.3 80020 5120 D-HEPAT.NOO.HYPERPLASIA;CARC.,THYR.;ASPIRATION PNEU.
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A.3 14"CeCI3 , Longevity Study (continued)

BETA RADIATION DOSE TO TIS
... ...... ..... ....... ......... ..... ......

LUNG LIVER
INHALATION EXP. CUMULATIVE (GY) CUMULATIVE (GY)

DOG IDENTIFICATION ---------------- I.B.. L.T.R.B. .....................................
.................. AGE WT ------- ---------------------------------- 365 730 TO 365 730 TO
TATTOO AN-EXPT SEX DATE DAYS K; MSG/KG RANK UCI/KG UCI MBO/KG MBG DAYS DAYS DEATH DAYS DAYS DEATH
.... ... ... .... ° ... ..... .... .... ...... .... ...... .. .. ...... ... .. . ..... ..... .... . ...... --- .....

490 01-295 F 66014 408 10.9 0.41 50 4.7 52 0.17 1.9 3.7 4.1 4.2 6.2 8.7 10.
SOF 01-298 F 66020 413 8.3 0.48 51 4.2 35 0.16 1.3 3.3 3.7 3.8 5.5 7.8 9.2
49E 02-295 F 66014 408 9.1 0.37 52 3.9 36 0.14 1.3 3.1 3.4 3.5 5.2 7.2 8.6
51A 02-298 M 66020 407 11.1 0.32 53 3.6 40 0.13 1.5 2.8 3.2 3.2 4.8 6.7 7.9
SOD 02-297 F 66018 411 6.9 0.48 54 2.0 20 0.11 0.74 2.3 2.6 2.6 3.8 5.4 6.4
49G 01-296 F 66017 411 8.4 0.28 55 2.6 22 0.096 0.81 2.1 2.3 2.3 3.4 4.8 5.7
49C 01-300 M 66013 407 8.7 C
50C 02-300 F 66017 414 9.1 C
siC 03-300 M 66021 408 10.4 C
SIE 04-300 F 66021 408 8.4 C
52A 05-300 M 66021 406 8.5 C
53A 01-310 F 66024 415 9.3 C
530 02-310 F 66024 415 8.1 C
54C 03o310 F 66027 415 9.2 C
56A 04-310 M 66034 403 11.8 C
60A 01-327 M 66075 402 10.1 C
61C 02-327 F 66080 397 10.0 C
62A 03-327 M 66080 386 13.2 C
1530 01-412 F 67094 437 9.3 C
156E 02-412 F 67094 425 6.7 C
1978 01-465 M 67289 410 9.0 C
198C 02-465 F 67289 410 9.9 C
201A 03-465 M 67289 391 12.6 C

UCI/KG REPRESENTS MICROCURIES OF RADIONUCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.
MBO/KG REPRESENTS MEGABEQUERELS OF RADIONUCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.
DOSE RATE AND CUMULATIVE DOSE ARE PRESENTED AS FU!CTIONS OF TIME IN DAYS AFTER INHALATION EXPOSURE.
+ INDICATES THE DOG DIED BEFORE IT RECEIVFD ITS POTENTIAL NFINITE DOSE.
COMMENT: D, E, OR S INDICATE THE DOG DIED, WAS EUTHANIZED DR WAS SACRIFICED, RESPECTIVELY. PROMINENT FINDINGS ARE INCLUE



BETA RADIATION DOSE TO TISSUES.... . .......... ..... °.................... .....

LIVER SKELETON
;Y) CUMULATIVE (GY) CUMULATIVE (GY)

. .................... ................. DAYS
TO 365 730 TO 365 730 TO DEATH TO

;EATH DAYS DAYS DEATH DAYS DAYS DEATH DATE DEATH COMMENT
-.. .. ... ... . ..... .... .... . ... .. . .... I.... .. ......................... .o...... .... ............. ... o.

4.2 6.2 8.7 10. 1.8 2.6 3.1 79144 4878 E-FEMANGIOSAR.,LIVER;CARCADREN.;MULT. BILIARY CYSTS
3.8 5.5 7.8 9.2 1.6 2.4 2.8 74038 2940 D-MYELOMALACIA
3.5 5.2 7.2 8.6 1.5 2.2 2.6 75213 3486 0-PULPONARY E0EMA;NCOULAR HYPERPLASIA,LIVER
3.2 4.8 6.7 7.9 1.4 2.0 2.4 74309 3211 D-COGESTIVE HEART FAILURE;HEPATIC DECENERATION
2.6 3.8 5.4 6.4 1.1 1.6 1.9 76358 3992 O-CONG.HEART FAILUIE;CHRONIC NEPHRITIS;ADENOMA,MAM.
2.3 3.4 4.8 5.7 1.0 1.5 1.7 81036 5498 D-CARCINOMA,PANCREAS;CARCINCOMA MAMMARY

74156 3065 D-ASPIRATICN PNEUMONIA,EPILEPSY

81273 5735 E-RENAL CORTICAL ATROPHY
76103 3734 D-ANESTHETIC DEATH;HEPATIC DEGENERATICN
79337 5064 E-CARCINOMA, MAMMARY;NEUROFISROSARCCMA,SUBCUT IS
76189 3820 D-RENAL AMYLOIDOSIS; UREMIA
79019 4743 E-CARCINCMA,THYROID;OVARIAN TUMOR
78073 4432 E-MYELOHALACIA
80106 5192 E-CARCINCMAADRENAL
80037 5116 E-CARC,LUNG;OLF.NEUROBLASTOfMA;SO . CELL CARC,SAL.GLAND
82205 5974 D-RENAL ATROPHY AND FiSROSIS
80333 5366 D.ASPIR.P4EUM.;ADENOCARC.,LUNG;CARC.THY.;CAR.MAMMARY
73068 2545 E-CARCINOM4A,THYROID
67243 149 S5
67?43 149 S-
84096 6016 D-VALVULAR INSUFFICIENCY,HEART
7;044 4138 E-MAST CELL TUMOR,SUBCUTIS
'2314 5895 E-INTERSTITIAL NEPHRITIS

SURE.

-VINEHT FINDINGS ARE INCLUOED.
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A.4 9 1YC13 , Longevity Study

BETA RADIATION DOSE TO TISSUE

LUNG LIVER

INHALATION EXP. CUMULATIVE (GY) CUMULATIVE (GY) CJ

DOG IDENTIFICATION ---------------- 1.8.. L.T.R.S. ................ ................. ...

.................. AGE T ------- ---------------------------------- 365 730 TO 365 730 TO 365

TATTOO AN-EXPT SEX DATE DAY3 KG MBQ/KG RANK UCI/KG UCI MBO/KG MBQ DAYS DAYS DEATH DAYS DAYS DEATH DAY
° ...... .. ....... ... ..... ... . .. . . . . .. . . . ...... . . .... .... ..... . ... . ... ... .. ...--- - - - - - - -- - - - - - - -

118E 02-380 F 66320 413 9.3 48. 01 540 5100 20. 190. 43. 3.4

122C 01-383 M 66333 410 9.8 28. 02 300 3000 11. 110. 28. 3.0
118F 01-382 F 66326 419 8.0 29. 03 - 290 2300 11. 85. 25. 2.5
119C 01-384 F 66335 423 8.2 20. 04 250 2100 9.3 78. 24. 2.7
1648 01-423 M 67146 409 9.5 16. 05 250 2300 9.3 85. 24. 2.7
1190 02-382 F 66326 414 6.5 27. 06 240 1600 8.9 59. 25. 3.2
123A 02-383 M 66333 409 11.0 33. C7 240 e6

0
0 8.9 96. 21. 2.5

118A 01-381 M 66322 415 8.1 20. 08 220 1800 8.1 67, 24. 30. 33. 3.1 8.1 10. 8.4
119A 03-381 M 66322 409 8.3 20. 09 220 1800 8.1 67. 24. 30. 33. 3.1 8.1 10. 8.4

1180 02-381 F 66322 415 8.6 19. 10 200 1800 7.4 67. 22. 28. 31. 2.8 7.0 9.7 7.6
120C 03-384 F 66335 420 9.3 23. 11 200 1900 7.4 70. 20. 2.3
164F 02-423 F 67146 409 9.0 17. 12 200 1800 7.4 67. 20. 2.3
165A 01-426 H 67153 392 11.0 20. 13 160 1700 5.9 63. 18. 23. 24. 2.3 5.9 7.6 6.1

171F 02-434 F 67163 391 6.3 26. 14 160 1000 5.9 37. 18. 23. 24. 2.3 5.9 7.6 6.1
169C 01-434 M 67163 397 8.7 17. 15 150 1300 5.5 48. 17. 22. 23. 2.1 5.4 7.0 5.7
1188 01-380 M 66320 413 7.9 13. 16 140 1100 5.2 41. 15. 19. 20. 1.9 5.1 6.5 5.3
120A 02-384 H 66335 420 10.6 20. 17 130 1400 4.8 52. 14. 18. 20. 1.8 4.7 5.9 4.9

164C 03-422 K 67144 407 9.3 10. 18 110 1100 4.1 41. 12. 15. 17. 1.6 4.0 5.2 4.2
1690 01-432 F 67159 393 5.9 5.2 19 100 610 3.7 23. 11. 14. 15. 1.4 3.6 4.8 3.8
164G 01-425 F 67151 414 7.7 6.3 20 94 730 3.5 27. 10. 13. 14. 1.3 3.4 4.5 3.6
174A 01-438 M 67172 385 9.6 7.0 21 92 880 3.4 33. 10. 13. 14. 1.3 3.3 4.4 3.5

S1718 02-435 M 67153 394 9.0 8.5 22 90 820 3.3 30. 9.8 13. 14. 1.2 3.2 4.3 3.4
165F 03-426 F 67153 392 9.2 8.1 23 82 750 3.0 28. 9.0 11. 12. 1.1 3.0 3.9 3.1
166E 02-426 F 67153 390 11.1 15. 24 73 820 2.7 30. 8.0 10. 11. 1.0 2.6 3.5 2.8
172A 03-435 M 67166 385 8.8 6.7 25 68 600 2.5 22. 7.4 9.5 10. 0.97 2.5 3.5 2.6
134C 02-385 F 66354 408 9.9 8.5 26 66 650 2.4 24. 7.2 9.3 10. 0.92 2.4 3.1 2.5
134A 01-385 K 66354 408 9.7 8.5 27 62 600 2.3 22. 6.7 8.6 9.4 0.86 2.3 3.0 2.4
1760 03-438 F 67172 384 9.2 9.3 28 60 550 2.2 20. 6.6 8.4 9.1 0.86 2.2 2.9 2.3
169A 01-435 m 67166 400 10.3 8.9 29 58 600 2.1 22. 6.4 8.1 8.9 0.81 2.1 2.8 2.2
172C 01-433 F 67160 379 7.1 4.4 30 53 380 2.0 14. 5.8 7.4 8.1 0.76 1.9 2.5 2.0
173G 02-433 F 67160 376 7.2 4.8 31 52 370 1.9 14. 5.7 7.2 7.9 0.76 1.9 2.5 2.0
174E 02-438 F 67172 385 8.7 7.4 32 51 450 1.9 17. 5.6 7.1 7.7 0.70 1.8 2.4 1.9
1678 01-431 K 67158 394 10.5 4.8 33 51 540 1.9 20. 5.6 7.1 7.7 0.70 1.8 2.4 1.9
171E 03-429 F 67156 384 6.4 5.2 34 48 310 1.8 11. 5.2 6.7 7.4 0.65 1.7 2.3 1.8
165G 02-422 F 67144 383 8.2 3.4 35 46 380 1.7 14. 5.1 6.5 7.0 0.65 1.7 0.20 1.7
1699 01-429 M 67156 390 9.9 3.0 36 44 440 1.6 16. 4.8 6.1 6.7 0.59 1.6 2.1 1.7
1640 01-422 M 67144 407 9.3 4.8 37 43 400 1.6 15. 4.7 6.0 6.6 0.59 1.6 2.1 1.6
176E 01-437 F 67170 382 6.8 5.5 38 41 280 1.5 10. 4.4 5.7 6.2 0.59 1.5 1.9 1.6
1I7A 02-429 K 67156 384 8.2 3.5 39 40 320 1.5 12. 4.3 5.6 6.1 0.54 1.5 1.9 1.5
166C 02-425 M 67151 388 11.0 2.4 40 31 350 1.1 13. 3.4 4.3 4.7 0.44 1.1 1.5 1.2
174F 02-437 F 67170 381 6.2 3.1 41 16 97 0.59 3.6 1.8 2.3 2.4 0.23 0.59 0.76 0.61
167C 04-426 M 67153 389 9.9 2.4 42 14 140 0.52 5.2 1.5 1.9 2.2 0.19 0.51 0.65 0.53
118C 01-386 F 66320 447 10.2 C
1198 02-386 M 6o322 442 9.4 C
121A 04-386 K 66335 435 9.4 C
164E 01-430 F 67151 20 8.8 C
1650 0:-430 M 67151 396 11.4 C
165E 03-430 F 67151 3"1 9.0 C
1668 04-430 M 67153 39,, 10.3 C
167A 01-441 K 67156 Ili 10.3 C
167E 02-441 F 67156 413 10.3 C
171D 03-441 F 67163 465 7.8 C
1740 04-441 F 67166 390 13.1 C
1768 05-441 M 671,95 389 10.4 C

UCI/KG REPRESENTS MIrRClt, IES OF -ADIONUCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.
M8Q/KG REPRESENTS MEGASE.U RE,. 7.U RADIONUCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.
DOSE RATE AND CUMULATIVE DC3E ARE PRESENTED AS FUNCTIONS OF TIME IN DAYS AFTER INHALATION EXPOSURE.
+ INDICATES THE DOG. DIED iEFQRE I' RECEIVED ITS POTENTIAL INFINITE DOSE.
COMMENT: 0, E, OR S INDICATE THE DOG DIED, WAS EUTHANIZED OR WAS SACRIFICED, RESPECTIVELY. PROMINENT FINDINGS ARE INCLUDE



TA RADIATION DOSE TO TISSUE
...... °"....."......°........................

LIVER SKELETON
CUMULATIVE (GY) CNULATIVE (GY)

................... ................. DAYS
365 730 TO 365 730 TO DEATH TO

i DAYS DAYS DEATH DAYS DAYS DEATH DATE DEATH CCMMENT

3.4 9.1 66332 12 D-HEMATOLOGICAL DYSCRASIA
3.0 8.0 66353 20 D-HEMATOLOGICAL OYSCRASIA
2.5 6.7 66343 17 E-HEMATOLOGICAL DYSCRASIA
2.7 7.3 66357 22 D-HEMATOLOGICAL DYSCRASIA
2.7 7.3 67168 22 D-HEMATOLOGICAL DYSCRASIA
3.2 8.6 66354 28 D-HEMATOLOGICAL DYSCRASIA
2.5 6.7 66354 21 D-HEMATOLOGICAL DYSCRASIA

3.1 8.1 10. 8.4 21. 29. 72143 2012 E-SQUAM•US CELL CARCINOMA, NASAL CAVITY
3.1 8.1 10. 8.4 21. 29. 79137 4563 E-HEPATIC FIBRuSIS
2.8 7.0 9.7 7.6 19. 26. 79097 4523 D-CARCINOMA,MAMMARY GLAND

?.3 6.0 66358 23 E-HEMATCLOGICAL DYSCRASIA
2.3 6.2 67170 24 D-HEMATOLOGICAL DYSCRASIA

2.3 5.9 7.6 6.1 15. 21. 79074 4304 D-CONGESTIVE HEART FAILURE
2.3 5.9 7.6 6.1 15. 21. 74173 2567 E-SCUAMOUS CELL CARCINOMA, NASAL CAVITY
2.1 5.4 7.0 5.7 14. 20. 77202 3692 E-LYMPHCMA, VISCERA
1.9 5.1 6.5 5.3 13. 18. 78261 4324 E-RIGHT HEART FAILURE
1.8 4.7 5.9 4.9 12. 17. 78038 4086 E-NEPHROSCLEPOSIS
1.6 4.0 5.2 4.2 11. 14. 68252 473 D-EPILEPTIC SEIZURE
1.4 3.6 4.8 3.8 9.6 13. 80344 4933 E-CONGESTIVE HEART FAILURE
1.3 3.4 4.5 3.6 9.0 12. 73217 2258 D-SARCOMA, MAST CELL
1.3 3.3 4.4 3.5 8.8 12. 79061 4272 D-CARCINCMA,LUNG
1.2 3.2 4.3 3.4 8.6 12. 79114 4344 E-UREMIA
1.1 3.0 3.9 3.1 7.9 11. 80032 4627 D-HEMANGIOSARCCMA,LIVER
1.0 2.6 3.5 2.8 7.0 9.5 81065 5026 0-DISSEMINATED CARCINOMA
0.97 2.5 3.5 2.6 6.5 8.8 82085 '398 E-PROSTATITIS
0.92 2.4 3.1 2.5 6.3 8.6 76054 3352 E-SQ.CELL CARC,NASAL CAV.;HEM.SARC.,UNDET.SITE
0.86 2.3 3.0 2.4 6.0 8.1 81007 5132 D-CONGESTIVE HEART FAILURE
0.86 2.2 2.9 2.3 5.8 7.8 79356 4567 D-PULMCNARY INFARCTION
0.81 2.1 2.8 2.2 5.6 7.5 68165 364 O-EPILEPTIC SEIZURE
0.76 1.9 2.5 2.0 5.1 6.9 78257 4115 E-CHEMOOECTOMA
0.76 1.9 2.5 2.O 5.0 6.8 80134 4722 E-CARCINOMA,MAMMARY GLAND
0.70 1.8 2.4 1.9 4.9 6.6 81175 5117 O-RENAL FAILURE
0.70 1.8 2.4 1.9 4.9 6.6 83066 5752 E-CARCINCMA,CRAL CAVITY
0.65 1.7 2.3 1.8 4.6 6.2 77117 3614 D-DISSEMINATED CARCINOMAMAMMARY GLAND
0.65 1.7 0.20 1.7 4.4 6.0 78223 4097 E-AMELOANOTIC MELANCSARCOMA, MOU1H
0.59 1.6 2.1 1.7 4.2 5.7 78025 3887 D-AUTOIMMUNE HEMOLYTIC ANEMIA
0.59 1.6 2.1 1.6 4.1 5.6 82300 5635 D-ENTERITIS
0.59 1.5 1.9 1.6 3.9 5.3 802e8 4866 E-LEIOMYCOA, VAGINA
0.54 1.5 1.9 1.5 3.8 5.2 79165 4392 E-RENAL FAILURE
0.44 1.1 1.5 1.2 3.0 4.0 79172 4404 D-CELLUTITIS
0.23 0.59 0.76 0.61 1.5 2.1 74276 2663 D-GLCMERULCNEPHRITIS; RENAL FAILURE
0.19 0.51 0.65 0.53 1.3 1.8 81160 5121 D-BRCNCHOPNEUMONIA

81296 5455 E-ADENCCARCINCMA,MAMMARY GLAND
80024 4815 E-CARCINCOMA,THY0O!D
81132 5276 E-OSTEOARTHRITIS
77203 3705 E-DISSEMINATED CARCINCMA,MAMMARY GLAND
79134 4366 E-HEMANGIOSARCCMA,LIVER
78279 4146 D-HEPATIC DEGENERATION
81195 5156 E-HEMANGIOSARCCMA.PERITCNEUM
73205 2241 D-SUPPURATIVE PLEURITIS
81226 5184 E-CARCINC#,A,STC#ACH
78187 4042 D-CCNGESTIVE HEART FAILURE
78107 3959 E-GASTROENTERITIS
81190 5109 D-INTERSTITIAL NEPHRITIS

JRE.

41NENT FINDINGS ARE INCLUDED.
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A.5 9 1 YC13 , Sacrifice Study

BETA RADIATION DOSE TO TISSUE
................ .... ........ .... ..... ... °..o°...

LUNG LIVER SKEL
INHALATION EXP. CUMULATIVE (GY) CUMULATIVE (GY) CUMULAT

DOG IDENTIFICATION ---------------- 1.8.8. I.L.B. ................ ................. ........
.................. AGE WT ------- ------------------------------- 30 120 TO 30 120 TO 30 12
TATTOO AN-EXPT SEX DATE DAYS KG MBO/KG RANK UCI/KG UCI MBQ/KG M80 DAYS DAYS DEATH DAYS DAYS DEATH DAYS DA
...°...° .°..... ... ..... .... . ... ... ... .°° °... ... .. . ... . ..... . .. . ... . . ° °.. ° ... . .. .. ... .... o .... ..

173F 02-442 F 67179 395 9.1 9.6 01 220 1000 8.1 37 24 30 33 5.7 15 19. 8.4 2
1728 01-442 M 67179 398 7.2 19. 02 220 1600 8.1 59 23 5.3
176C 01-443 F 67180 392 8.3 14. 03 170 1500 6.3 56 19 19 4.4 4.8 6.5
174C 02-443 M 67180 393 7.9 11. 04 120 970 4.4 36 13 17 18 3.1 8 11. 4.6 1
*******REPRESENTS MIC.** *E

UCI/KG REPRESENTS MICROCURIES OF RADIONUCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.
MBD/KG REPRESENTS MEGABEEUERELS OF RADIONUCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.

DOSE RATE AND CUMULATIVE DOSE ARE PRESENTED AS FUNCTIONS OF TIME IN DAYS AFTER INHALATION EXPOSURE.
+ INDICATES THE DOG DIED BEFORE IT RECEIVED ITS POTENTIAL INFINITE DOSE.
COMMENT: D, E, OR S INDICATE THE DOG DIED, WAS EUTHANIZED OR WAS SACRIFICED, RESPECTIVELY. PROMINENT FINDINGS ARE INCLUDED.

ED



RADIATION DOSE TO TISSUE S.... ... ........... ....... o ....... o.....

LIVER SKELETON
CUMULATIVE (GY) CUMULATIVE (GY)

S................. ................. DAYS
30 120 TO 30 120 TO DEATH TO

DAYS DAYS DEATH DAYS DAYS DEATH DATE DEATH CCOMENT
............. ......... ...... ...... ...... .....................................................

5.7 15 19. 8.4 21 29. 73096 2109 D-BRONCHIOLOALVEOLAR CARCINOHA;CARCI NOMA,MAMMARY
53 7.5 67206 27 0 HEMATOLOGICAL DYSCRASIA

4.4 4.8 6.5 6.8 67213 33 D-HEMATOLOGICAL OYSCRASIA
3.1 8 11. 4.6 12 16. 81021 4955 E-ENCEPHALOPATHY

'URE.

;MINEHT FINDINGS ARE INCLUDED.
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A.6 13 7CsCI, Longevity Study

BETA RADIATION DO

INJECTION EXPOSURE DOSE RATE (GY/DAY)
DOG IDENTIFICATION ---------------------- 1.B.B. ................................
.................. AGE WT ............................... 30 180 365
TATTOO AN-EXPT SEX BLOCK DATE DAYS KG RANK UCI/KG UCI MSG/KG MTQ INITIAL DAYS DAYS DAYS D0
... °...... ....... ... ..... ..... ... . .... ...... ...... ..... ---- -- .. ..... .... ...... ...... .°.

271D 12-558 F F 68330 421 7.2 01 4000 29000 150 1100 .72 .3
2446 06-522 M A 68164 402 8.8 02 3900 34000 140 1300 .72 .31 .31
241F 06-523 F B 68165 419 8.2 03 3900 32000 140 1200 .71 .31
273A 11-558 M E 68330 405 9.4 04 3800 36000 140 1300 .69 .4:
249D 06-540 M 0 68215 422 10.1 05 3600 36000 130 1300 .68 .3!
253C 06-539 F C 68214 393 9.5 06 3500 33000 130 1200 .65 .31
277F 09-560 F H 68354 392 7.1 07 3000 21000 110 780 .54 .19 .0020 .00002
2848 09-562 M I 69028 394 8.5 08 2900 25000 110 930 .52 .18 .0020 .00001
282C 10-562 F J 69028 402 7.6 09 2900 22000 110 810 .53 .25 .0059 .00020
280C 09-567 F L 69052 429 7.9 10 2900 23000 110 850 .53 .3;
292A 10-567 H K 69052 377 8.5 11 2900 25000 110 930 .52 .17 .0030 .00003
241G 05-523 F 8 68165 419 8.6 12 2800 24000 100 890 .51 .2;
247E 05-539 F C 68214 428 7.9 13 2800 22000 100 810 .51 .21
266C 09-558 m E 68330 435 7.4 14 2800 21000 100 780 .50 .23 .0025 .00005
273E 10-558 F F 68330 405 8.3 15 2800 23000 100 850 .51 .26 .0075 .00030
2458 05-522 H A 68164 392 9.1 16 2700 25000 100 930 .51 .18 .0!
2790 10-560 H G 68354 383 8.1 17 2700 22000 100 810 .48 .22 .0050 .00010
248A 05-540 m D 68215 428 9.6 18 2600 25000 96 930 .48 .23 .0030 .00003
244E 04-523 F 8 68165 403 7.5 19 2100 16000 78 590 .37 .16 .0035 .00004
2660 08-558 F F 68330 435 7.8 20 2100 16000 78 590 .37 .15 .0020 .00005
2798 07-560 m G 68354 383 9.9 21 2000 20000 74 740 .36 .19 .0060 .00020
275E 08-560 F H 68354 410 7.8 22 2000 16000 74 590 .37 .15 .0020 .00003
2830 08-562 F J 69028 423 8.8 23 2000 18000 74 670 .37 .13 .0025 .00004
292C 08-567 F L 69052 377 9.0 24 1900 17000 70 630 .36 .14 .0040 .00008
241A 04-522 M A 68164 418 10.0 25 1900 19000 70 700 .36 .18 .05
271A 07-558 m E 68330 421 9.8 26 1900 19000 70 700 .35 .19 .0040 .00010 .0c
283A 07-562 M 1 69028 423 11.2 27 1900 21000 70 780 .35 .14 .0030 .00005
291A 07-567 M K 69052 382 10.8 28 1900 21000 70 780 .35 .12 .0028 .00003
2538 04-539 F C 68214 393 9.7 29 1800 17000 67 630 .34 .15 .0040 .00006
247A 04-540 M 0 68215 429 9.8 30 1800 18000 67 670 .34 .17 .0060 .00010
244C 03-522 M A 68164 402 6.7 31 1600 11000 59 410 .28 .090 .0013 .00001
2800 06-562 F J 69028 405 6.8 32 1600 11000 59 410 .28 .098 .0025 .00003
279A 05-560 m G 68354 383 9.5 33 1500 14000 56 520 .27 .11 .0011 .00002
278F 06--.i F H 68354 391 8.4 34 1500 1300C 56 480 .26 .13 .0030 .00010
2860 05-567 F L 69052 417 8.8 35' 1500 13000 56 480 .27 .10 .0022 .00004
241E 03-523 F 8 68165 419 9.4 36 1400 13000 52 480 .26 .14 .0050 .00015
267A 05-558 M E 68330 435 11.2 37 1400 16000 52 590 .26 .15 .O60 .00020
268C 06-558 F F 68330 433 11.0 38 1400 15000 52 560 .26 .17 .014 .00060
2890 05-562 M 1 69028 376 9.7 39 1400 14000 52 520 .26 .099 .0030 .00005
247C 03-540 m D 68215 429 8.8 40 1300 11000 48 410 .25 .12 .0018 .00003
291C 06-567 M K 69052 382 7.7 41 1200 9200 44 340 .22 .11 .0041 .00005
252C 03-539 F C 68214 407 9.3 42 1200 11000 44 410 .21 .12 .0025 .00005
244F 02-523 F 8 68165 403 5.8 43 1100 6400 41 240 .20 .072 .00083 .00001
2788 04-560 x G 68354 391 9.5 44 1100 10000 41 370 .21 .10 .0020 .00003
2418 02-522 H A 68164 418 9.8 45 1000 9800 37 360 .19 .079 .0013 .00001
273F 04-558 F F 68330 405 8.4 46 1000 8400 37 310 .19 .10 .0045 .00040
2780 03-560 F H 68354 391 10.3 47 1000 10000 37 370 .19 .084 .0013 .00004
281C 04-562 F J 69028 404 8.4 48 1000 8400 37 310 .19 .065 .0015 .00006
2818 03-567 F L 69052 428 9.8 49 940 9200 35 340 .17 .081 .0030 .00008

0.



BETA RADIATION DOSE TO WHOLE BODY

DOSE RATE (GY/DAY) CUMULATIVE (GY)
--. -.... ------. -.. ---. ----.. --. -. -. .---------------------- DAYS

30 180 365 AT 30 180 365 AT DEATH TO
"IAL DAYS DAYS DAYS DEATH DAYS DAYS DAYS DEATH DATE DEATH CCOMENT

"2 .31 11. 68356 26 D-HEMATOLOG;CAL DYSCRASIA"2 .31 .30 13. 14. 68197 33 D-HEMATOLOGICAL DYSCRASIA
".38 10. 68187 22 D-HEMATOLOGICAL DYSCRASIA
.43 9.5 68349 19 D-HEMATOLOGICAL DYSCRASIA

;8 .35 13. 68242 27 D-HEMATOLOGICAL DYSCRASIA
.38 9.7 68236 22 D-HEMATOLOGICAL DYSCRASIA

4 .19 .0020 .00002 9.2 15. 15. 15. 80094 4123 E-RENAL INFAACICN
2 .18 .0020 .00001 9.0 15. 15. 15. 81182 4537 D-CARCINOMA,PROSTATE

;3 .25 .0059 .00020 10. 20. 20. 20. 73271 1704 E-ARTHRITIS;PNEUMONIA
3 .32 9.1 69076 24 E-HEMATOLOGICAL DYSCRASIA
2 .17 .0030 .00003 7.9 15. 15. 15. 81146 4477 E-CARC.,NASAL CAVITY;CARC.,INTESTINE
1 .27 8.6 68190 25 D-HEMATOLOGICAL DYSCRASIA
1 .27 9.1 68241 27 D-HEMATOLOGICAL DYSCRASIA
0 .23 .0025 .00005 9.5 17. 17. 17. 73097 1594 D-PNEUMONIA;PHARYNGITIS
1 .26 .0075 .00030 10. 22. 22. 22. 77343 3301 E-SUPPURATIVE ENDOMETRITIS
1 .18 .051 8.6 14. 68245 81 D-HEMATOLOGICAL DYSCRASIi
8 .22 .0050 .00010 9.5 18. 18. 18. 76139 2707 E-SARCOMA, MAST CELL
8 .23 .0030 .00003 10. 19. 19. 19. 77313 3386 E-SQUAM. CELL CARCINOMA,SINUS CAVITY
7 .16 .0035 .00004 7.0 15. 15. 15. E0022 4240 E-NEPHROSCLEROSIS;CARCINCMA, LUNG
7 .15 .0020 .00005 6.7 12. 12. 12. 77204 3162 D-CONGESTIVE NEART FAILURE
6 .19 .0060 .00020 7.8 15. 15. 15. 79262 3926 E-TUMOR, PERIPHERAL NERVE
7 .15 .0020 .00003 7.0 12. 12. 12. 83013 5138 D-MAMMARY ADEMOCARCINOMA
7 .13 .0025 .00004 6.4 11. 11. 11. 80322 4311 D-HEFATOMA..SPEEN
6 .'4 .0040 .00008 6.7 12. 12. 12. 77277 3147 D-HEMANGIOSA•0•CDA,HEART
6 .18 .093 7.1 13. 68241 77 D-HEMATOLOGIC.AL DYSCRASIA
5 .19 .0040 .00010 .000003 7.3 15. 15. 15. 70292 693 D-SHOCK
5 .14 .0030 .00005 7.3 12. 12. 12. 20286 4275 D-HEP'ANGIOSARccOKA,SPLEEN
5 .12 .0028 .00003 6.3 10. 10. 10. 80077 4042 E-IEUKOEXNCEP!AL OMALACIA
4 .15 .OG.40 .00006 6.5 13. 13. 13. 80265 4434 D-CARCIP, P.AMMARY GLAND
4 .17 .0060 .00010 7.2 15. 15. 15. 80280 4448 D-HEPATIC DEGENERATION
8 .090 .0013 .00001 4.3 7.7 7.7 7.7 82091 5041 D-HEPATIC ATROPHY
8 .098 .0025 .00003 5.0 8.4 8.5 8.5 80128 4117 E-CARCIh0OMA,WA ARY kiLAND
7 .11 .0011 .00002 4.7 8.3 8.4 8.4 74310 2148 0-RENAL AMYLOIDOSIS
5 .13 .0030 .00010 5.6 10. 10. 10. 83173 5298 0-INTERSTITIAL NEPHRITIS
7 .10 .0022 .00004 4.8 8.2 8.3 8.3 79184 3784 D-PYOMETRA
6 .14 .0050 .00015 5.5 12. 12. 12. 82195 5144 D-HEMANGIOSARCOMA,LIVER
6 .15 .0060 .00020 5.8 13. 13. 13. 78206 3529 E-BRAIN EDEMA,UNDETERMINED CA'JSE
A .17 .014 .00060 6.3 15. 15. 15. 81334 4753 D-HEPATIC ATROPHY
6 .099 .0030 .00005 4.8 8.7 8.8 8.8 79312 3936 E-CARCINO(KA.ASAL CAVITY
5 .12 .0018 .00003 4.7 9.8 9.9 9.9 81327 4861 D-CARCINOmA,STOMACA
2 .11 .0041 .00005 5.2 9.7 9.9 9.9 83090 5151 E-RENAL CORTICAL FIBROSIS

A .12 .0025 .00005 4.8 9.5 9.7 9.7 80072 4241 E-SARCOMA,MWAARY GLAND
0 .072 .00083 .00001 3.4 5.? 5.9 5.9 80120 4338 D-RENAL AMTYLOIOSIS
1 .10 .0020 .00003 4.4 8.1 8.2 8.2 79269 3933 E-TUMOR, LIVER
9 .079 .0013 .00001 3.3 6.4 6.5 6.5 83027 5342 E-PYELONEPFRITIS
9 .10 .0045 .00040 4.2 8.8 9.1 9.1 81266 4685 E-CARCIXCMA,MAMMARY GLAND
9 .0&4, .0013 .00004 3.5 6.4 6.5 6.5 82217 4977 E-MEDIASTINAL TUMOR
9 .065 .0015 .00006 3.2 5.6 5.7 5.7 812e2 4637 D-CNS DISTU"RBANCE
7 .081 .0030 .000D8 3.5 6.9 7.1 7.1 80046 4011 D-CARCINOMAAMMMARY;TUMOR, NASAL CAVITY
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A.6 13 7 CSCI, Longevity Study (continued)

BETA RADIATION DOSE
'. ~. ........... o............... .. °.....

"INJECTION EXPOSURE DOSE RATE (GY/DAY)
DOG IDENTIFICATION -------------------------- -. B.B.
.................. AGE T-T ............................... 30 180 365 AT
TATTOO AN-EXPT SEX BLOCK DATE DAYS KG RANK UCI/KG UCI MBQ/KG MB8 INITIAL DAYS DAYS DAYS DEAT

° .... ° . .. ..... ..... .... .... ... .. ... ... .... . . ...... ..... ---- .... ...... .°o ....... o .. °..

285A 03-562 m 1 69028 393 10.5 50 920 9700 34 360 .17 .063 .0020 .00002
287A 04-567 m K 69052 410 10.2 51 900 9200 33 340 .17 .080 .0028 .00007
249C 02-540 m D 68215 422 8.8 52 900 7900 33 290 .17 .086 .0022 .00002
266A 03-558 m E 68330 435 9.1 53 890 8100 33 300 .16 .079 .0015 .00004
248C 02-539 F C 68214 427 8.3 54 880 7300 33 270 .16 .076 .0011 .00002
241C 01-522 M A 68164 418 9.7 C
244D 01-523 F B 68165 403 7.2 C
251D 01-539 F C 68214 408 6.8 C
2478 01-540 m D 68215 429 9.4 C
267D 02-558 F F 68330 435 7.4 C
2708 C1-558 m E 68330 423 8.4 C
274E 01-560 F H 68354 419 7.1 C
277A 02-560 m G 68354 392 9.4 C
282A 01-562 m 1 69028 402 8.6 C
283C 02-562 F J 69028 395 8.8 C
282D 02-567 F L 69052 426 6.9 C
286C 01-567 M K 69052 417 8.4 C

UCI/KG REPRESENTS MICROCURIES OF RADIONUCLICE PER KILOGRAM OF TOTAL BOOY WEIGHT.
MBQ/KG REPRESENTS MEGABEQUERELS OF RADICNUCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.
DOSE RATE AND CUMULATIVE DOSE ARE PRESENTED AS FUNCTIONS OF TIME IN DAYS AFTER INHALATION EXPOSURE.
* INDICATES THE DOG DIED BEFORE IT RECEIVED ITS POTENTIAL INFINITE DOSE.
COWMENT: D, E, OR S INDICATE THE DOG DIED, WAS EUTHANIZED OR WAS SACRIFICED, RESPECTIVELY. PROMINENT FINDINGS Al

0



BETA RADIATION DOSE TO WHOLE BOOY
....................................................
DOSE RATE (GY/DAY) CLUMLATIVE (GY)
............................ ....................... DAYS
30 '80 365 AT 30 180 365 AT DEATH TO
AYS DAYS DAYS DEATH DAYS DAYS DAYS DEATH DATE DEATH COMMENT
.... ...... ...... ....... . ....... ... . ..... ..... ..... ... ...................... .... ............. ..

063 .0020 .00002 3.1 5.4 5.5 5.5 82028 4748 E-CARCINOMA,BLADOER
080 .0028 .00007 3.6 6.7 6.9 6.9 75332 2471 E-NEUROFIBROSARCOMA,LIVER
086 .0022 .00002 3.4 7.0 7.1 7.1 81015 4549 E-CARCINOMA,BLADOER
079 .0015 .00004 3.3 6.3 6.4 6.4 81056 4475 E- HEMANGIOSARCOMA,SPLEEN
076 .0011 .00002 3.3 6.1 6.1 6.1 80318 4487 E-LIVER DEGEN.;CARC.,LIVER;CARC.,LUNG

82313 5263 E-INTERSTITIAL NEPHRITIS
70081 647 D-HEMOLYTIC ANEMIA;ENDOCARDITIS
83054 5319 E-INTERSTITIAL NEPHRITIS
84233 5862 E-PYELONEPHRITIS
79225 3913 D-ENOCMETRITIS; PERITONITIS
83364 5513 D-AOENOCARCINOMA,PROSTATE
77154 3088 D-CARCINOMA,MAMMARY GLAND
75239 2442 D-RENAL AMYLOICOSIS
84130 5580 E-THROMBOSIS,AORTA
85199 6015 D-BRCNCHIOLOALVEOLAR CARC.,LUNG
78030 3265 E-RENAL FAILURE;UREMIA
82011 4707 E-PYELONEPHRITIS

:ON EXPOSURE.

'LY. PROMINENT FINDINGS ARE INCLUDED.
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A.7 9 0 Y in Fused Aluminosilkate Particles, Longevity Study

BETA RADIATION DOSE 1
INHALATION EXPOSURE .........................

DOG IDENTIFICATION --7 ------------------ I.B.B. I.L.B. RATE (GY/MIN) CUMULI"•----------------... AGE WT ------------. .............................. ................- ......

TATTOO AN-EXPT SEX BLOCK DATE DAYS KG M80/KG MBQ RANK UCI/KG UCI MBQ/KG M80 INITIAL AT DEATH INFIN.
------ -----------..... .....-....-... .......... ......................... ............... ......

333A 02-661 M A 69266 415 10.3 230. 2300 01 5200 53000 190. 2000 .15 .030 8104
333T 01-661 F B 69266 415 8.6 180. 1600 02 3600 31000 130. 1100 .10 .005 5704
347S 02-684 F 0 69322 379 9.8 130. 1300 03 2800 27000 100. 1000 .080 440
340C 03-684 N C 69322 419 10.6 130. 1400 04 2600 28000 96. 1000 .076 410
332V 01-662 F B 69267 418 5.5 150. 850 05 2400 13000 89. 480 .060 370
339A 04-684 M C 69322 422 9.8 89. 850 06 1900 19000 70. 700 .056 300
335S 03-661 F 8 69266 399 9.7 96. 930 07 1900 18000 70. 670 .055 290
334A 04-661 M A 69266 406 11.4 85. 960 08 1700 19000 63. 700 .048 270
"341T 03-685 F D 69323 417 9.0 93. 810 09 1700 15000 63. 560 .048 270
340U 01-684 F 0 69322 419 9.8 170. 1700 10 1600 16000 59. 590 .048 250
341C 02-685 M C 69323 417 10.1 67. 670 11 1500 15000 56. 560 .044 240
340B 05-685 M C 69323 421 10.6 63. 670 12 1400 15000 52. 560 .042 230
3348 02-662 M A 69267 407 10.6 70. 740 13 1400 15000 52. 560 .041 230
332T 04-662 F 8 69267 418 8.0 70. 560 14 1400 11000 52. 410 .041 220
3478 04-685 M C 69323 380 8.5 56. 480 15 1300 11000 48. 410 .038 200
335A 03-662 M' A 69267 400 9.6 59. 560 16 1100 11000 41. 410 .032 180
343V 01-685 F D 69323 395 7.1 96. 670 17 1100 7500 41. 280 .030 170
406U 04-820 F H 70258 409 8.4 52. 440 18 1100 8800 41. 330 .030 170
339S 05-662 F 8 69267 367 7.7 67. 520 19 1000 7800 37. 290 .029 170
406A 03-820 M G 70258 409 12.0 56. 670 20 980 12000 36. 440 .027 150
448U 02-874 F L 71089 411 8.4 67. 560 21 900 7600 33. 280 .027 140
439A 03-863 M I 71053 402 13.1 48. 630 22 850 1I000 31. 410 .024 140
343C 03-686 M C 69325 397 9.3 32. 300 23 760 7100 28. 260 .022 120
437T 01-863 F S 71053 406 7.6 30. 230 24 740 5600 27. 210 .022 120
3808 01-746 m E 70124 394 9.0 36. 320 25 730 6600 27. 240 .022 i20
4518 04-874 M K 71089 401 9.5 41. 370 26 730 6900 27. 260 .022 120
403T 02-820 F H 70258 416 6.9 34. 230 27 710 4900 26. 180 .020 110
449U 01-874 F L 71089 408 5.9 44. 260 28 710 4200 26. 160 .020 110
4528 03-874 M K 71089 401 9.8 41. 410 29 700 6900 26. 260 .020 110
341S 02-686 F D 69325 419 9.8 35. 340 30 690 6800 26. 250 .020 110
413A 01-821 m G 70259 383 11.2 29. 320 31 680 7600 25. 280 .020 110
3338 06-662 M A 69267 416 11.9 36. 440 32 680 8000 25. 300 .019 110
4488 04-863 M I 71053 375 9.8 31. 310 33 670 6600 25. 240 .019 100
402C 01-820 M G 70258 417 7.0 29. 200 34 660 4700 24. 170 .019 100
"404U 03-821 F 1 70259 416 5.9 32. 190 35 640 3700 24. 140 .019 100
434T 02-863 F 1 71053 415 7.3 30. 220 36 640 4700 24. 170 .019 100
446C 03-864 H I 71054 380 11.2 25. 280 37 600 6700 22. 250 .018 95
436U 01-864 F 1 71054 412 9.1 34. 310 38 590 5300 22. 200 .018 93
371S 03-746 F F 70124 423 7.8 25. 190 39 590 4600 22. 170 .018 93
400T 04-821 F H 70259 426 6.5 21. 130 40 500 3300 19. 120 .015 79
3788 04-746 M E 70124 410 10.3 26. 260 41 490 5100 18. 190 .014 77
333S 02-663 F B 69268 417 7.6 22. 160 42 460 3500 17. 130 .014 72
4508 03-875 M K 71090 406 9.4 21. 200 43 450 4200 17. 160 .013 71
446S 04-864 F 1 71054 380 8.1 21. 170 44 420 3400 16. 130 .012 66
332C 01-663 M A 69268 419 8.5 19. 160 45 410 3500 15. 130 .012 65
449S 04-875 F L 71090 409 7.9 21. 160 46 400 3200 15. 120 .012 64
40OU 01-817 F H 70251 418 7.6 20. 150 47 400 3000 15. 110 .012 62
411C 02-821 M G 70259 394 9.2 21. 190 48 380 3500 14. 130 .011 60
439C 02-864 M 1 71054 403 9.7 26. 250 49 380 3700 14. 140 .011 60



BETA RADIATION DOSE TO LUNG

RATE (GY/MIN) CUMULATIVE (GY)
................. ............... DEATH DAYS TO
INITIAL AT DEATH INFIN. TO DEATH DATE DEATH COMMENT

.15 .030 810+ 700 69273 7 D-PULMONARY INJURY

.10 .005 570+ 550 69278 12 D-PULMONARY INJURY
.080 440 440 70004 47 D-PULMONARY INJURY
.076 410 410 69353 31 D-PULMONARY INJUJRY
.060 370 370 69342 75 D-PULMONARY INJURY
.056 300 300 70021 6. D-PULMONARY INJURY

055 290 290 69336 70 O-PULMONARY INJURY
048 270 270 69304 38 E-PULMONARY INJURY
048 270 270 70033 75 D-PULMONARY INJURY

.048 250 250 70045 88 D-PULMONARY INJURY
044 240 240 70043 85 D-PULMONARY INJURY
042 230 230 70048 90 D-PULMONARY INJURY

.041 230 230 69290 23 D-PULMONARY INJURY

.041 220 220 69356 89 E-PULMONARY INJURY
038 200 200 70033 75 D-PULMONARY INJURY

.032 180 180 69358 91 0-PULMONARY INJURY

.030 170 170 70050 92 D-PULMONARY INJURY

.030 170 170 70349 91 D-PULMONARY INJURY

.029 170 170 69349 82 D-PULMONARY INJURY

.027 150 150 71001 108 D-PULMONARY INJURY

.027 140 140 71230 141 D-PULMONARY INJURY

.024 140 140 71158 105 D-PULMONARY INJURY

.022 120 120 70077 117 D-PULMONARY INJURY

.022 120 120 71175 122 D-PULMONARY INJURY

.022 120 120 70323 199 0-PULMONARY INJURY

.022 120 120 71232 143 D-PULMONARY INJURY

.020 110 110 71023 130 D-PULMONARY INJURY

.020 110 110 73261 903 D-PULMONARY FIBROSIS;AOENOMA,LUNG

.020 110 110 71210 121 0-PULMONARY INJURY

.020 110 110 70123 163 E-PULMONARY INJURY

.020 110 110 71108 214 D-PULMONARY INJURY
.019 110 110 70028 126 D-PULMONARY INJURY
.09 100 100 77139 2278 E-FIBROSARCOMA,LUNG;OSTEOPATHY
.019 100 100 71356 463 D-PULMONARY INJURY
.019 100 100 71114 220 D-PULMONARY INJURY
.019 100 100 71176 123 D-PULMONARY INJURY
.018 95 95 71291 237 D-PULMONARY INJURY

".018 93 93 71259 205 D-PULMONARY INJURY
.018 93 93 70306 182 D-PULMONARY INJURY
.015 79 79 79172 3200 0-CONGESTIVE HEART FAILURE
.014 77 77 77194 2627 E-SRCNC.ALV.CARC.;CSTEOSARý.,VERT.
.014 72 72 75327 2250 D-BRCNCHIOLOALVECLAR CARCINOMA
.013 71 71 80131 3328 0-CARCINOMALUNC
.012 66 66 77239 2377 E-CARCINOMA;SITE UNDETERMINED
.012 65 65 78013 3032 E-SOUAMOUS CELL CARCINCMA,LUNG
.012 64 64 84295 4953 0-CONGESTIVE HEART FAILURE
.012 62 62 83010 4507 E-ACENOCARCINOMA,MAMMARY
.011 60 60 80118 3511 D-HEART FAILURE
.011 60 60 80178 3411 E-HEART FAILURE
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A.7 90 Y in Fused Aluminosilicate Particles, Longevity Study (continued)

BETA RADIATION DOSE TO LUNG
INHALATION EXPOSURE ...............................

DOG IDENTIFICATION --------------------- 1.8.B. I.L.B. RATE (GY/MIN) CUMULATIVE (I
S.................. AGE T ............ .............................. ................ ............

TATTOO AN-EXPT SEX BLOCK DATE DAYS KG MBQ/KG M80 RANK UCI/KG UCI MBQ/KG HB8 INITIAL AT DEATH INFIN. TO DEj
- - ------ -- -----. -- -.. .. .. .. . . . --- ... ..... . .... .... ...... . . .... .... . ...... ..... ... .... ........-- -- - - -

411D 04-817 m G 70251 386 9.8 16. 150 50 380 3700 14. 140 .011 60 61

452A 01-875 m K 71090 402 9.6 20. 190 51 380 3600 14. 130 .011 60 61449T 02-875 F L 71090 409 8.2 20. 160 52 380 3100 14. 110 .011 60 61374T 02-746 F F 70124 414 8.0 17. 140 53 370 3000 14. 110 .011 58 51
348C 04-686 m C 69325 376 8.7 25. 210 54 360 3200 13. 120 .011 57 5;
343T 01-686 F 0 69325 397 8.5 16. 140 55 360 3100 13. 110 .011 57 51
434S 01-867 F J 71055 417 9.4 16. 150 56 340 3200 13. 120 .0096 53 5-
407S 02-817 F H 70251 402 7.2 16. 120 57 320 2300 12. 85 .0093 51 5'

380D 01-747 m E 70125 395 9.4 15. 140 58 300 2900 11. 110 .0090 48 41
4068 03-817 A G 70251 402 12.1 18. 210 59 300 3600 11. 130 .0088 48 41
4460 04-867 m 1 71055 381 11.4 17. 190 60 300 3400 11. 130 .0088 48 41
375U 02-747 F F 70125 415 7.6 14. 110 61 290 2200 11. 81 .0088 48 4Q

437S 03-867 F 1 71055 408 8.4 16. 130 62 280 2300 10. 85 .0080 44 41

441A 02-867 M 1 71055 399 9.0 13. 110 63 270 2400 10. 89 .0079 43 41
399A 02-818 M G 70252 422 9.0 10. 93 64 260 2300 9.6 85 .0075 41 41
3778 03-747 m E 70125 412 9.0 13. 110 65 250 2300 9.3 85 .0072 39 3S
450C 01-876 m K 71091 407 10.4 10. 100 66 250 2600 9.3 96 .0072 39 3S
339U 04-687 F 0 69328 128 7.2 12. 85 67 240 1700 8.9 63 .0069 38 31
372S 04-747 F F 70125 423 9.6 12. 110 68 230 2200 8.5 81 .0069 36 3U
3398 01-687 m C 69328 428 9.1 8.5 78 69 230 2100 8.5 78 .0065 36 3d
332S 03-663 F 8 69268 419 8.6 10. 89 70 220 1900 8.1 70 .0065 36 3d
447U 04-876 F L 71091 414 6.6 10. 67 71 220 1500 8.1 56 .0065 34 34
3358 04-663 M A 69268 401 9.8 10. 100 72 190 1900 7.0 70 .0056 30 3C
408U 01-818 F H 70252 395 9.0 9.6 89 73 190 1700 7.0 63 .0056 30 3C
438S 01-868 F J 71056 405 9.7 16. 150 74 190 1800 7.0 67 .0055 30 3C
4478 03-868 m 1 71056 379 7.3 11. 78 75 180 1300 6.7 48 .0052 28 2E
377S 01-748 F F 70126 413 9.9 7.0 70 76 150 1500 5.5 56 .0043 24 24
380C 03-748 m E 70126 396 10.2 6.7 70 77 140 1500 5.2 56 .0043 23 23
339T- 02-665 F 8 69269 369 6.4 7.0 44 78 130 830 4.8 31 .0038 20 20
4078 03-818 m G 70252 403 10.6 7.0 74 79 130 1300 4.8 48 .0037 20 20
450E 03-876 m K 71091 407 10.2 6.3 63 80 130 1300 4.8 48 .0037 20 20
448T 02-876 F L 71091 413 8.3 5.2 44 81 120 960 4.4 36 .0033 19 19
343A 03-687 M C 69328 400 9.3 4.4 41 82 110 1000 4.1 37 .0033 18 18
405U 04-818 F H 70252 403 6.8 5.5 37 83 110 720 4.1 27 .0030 17 17
334C 01-665 H A 69269 409 8.3 5.2 44 84 100 850 3.7 31 .0030 17 17
436V 04-868 F 1 71056 414 7.4 6.7 48 85 100 750 3.7 28 .0029 15 15
4388 02-868 H 1 71056 405 8.6 5.5 48 86 98 840 3.6 31 .0028 15 15
3798 02-748 M E 70126 402 10.7 4.1 44 87 90 960 3.3 36 .0027 14 14
372T 04-748 F F 70126 424 10.4 3.4 36 88 83 860 3.1 32 .0023 13 13
340T 02-687 F D 69328 425 10.2 3.7 41 89 80 810 3.0 30 .0023 13 13
333E 01-660 M A 69265 414 9.5 C
334T 02-660 F 8 69265 405 8.5 C
348S 02-683 F 0 69321 372 9.0 C
3498 01-683 m C 69321 372 12.2 C
378A 01-745 H E 70121 407 11.6 C
383U 02-745 F F 70121 375 6.0 C
401A 02-812 m G 70247 413 9.2 C
407T 01-812 F H 70247 398 8.0 C
438U 02-862 F 1 71050 399 7.8 C
4418 01-862 H 1 71050 394 8.6 C
447W 02-873 F L 71085 408 6.6 C
448A 01-873 m K 71085 407 10.0 C

UCI/KG REPRESENTS HILROCURIES OF RAOIONUCLIOE PER KILOGRAM OF TOTAL BOOY WEIGHT.
M8O/KG REPRESENTS MFGASEQUE.ELS OF RADIONUCLIDE PER KILOGRAM OF TOTAL BOOY WEIGHT.
DOSE RATE AND CUMULATIVE DOSE ARE PRESENTED AS FUNCTIONS OF TIME IN DAYS AFTER INHALATION EXPOSURE.
* INDICATES THE DOG DIED BEFORE IT RECEIVED ITS POTENTIAL INFINITE DOZE.
COMMENT: D, E, OR S INDICATE THE DOG DIED, WAS EUTHANIZED OR WAS SACRIFICED, RESPECTIVELY. PROMINENT FINDINGS ARE INCLUOEI



3ETA RADIATION DOSE TO LUNG

TE (GY/MIN) CUMULATIVE (GY)
..... ........ ............... DEATH DAYS TO
IAL AT DEATH INFIN. TO DEATH DATE DEATH COMMENTS... ........ ...... ........-- ..... ....... I .--- .- .----- .................................

1 60 60 81247 4014 D-LYMPHOSARCCMA,LIVER
1 60 60 82146 4074 E-GRAL MELANOSARCCMA
1 60 60 82036 3964 E-MAMMARY CARCINCOA
1 58 58 81195 4089 D-PULMONARY FIBROSIS;CARCINOMA,LUNG
I 57 57 84213 5366 E-BRONCHIOLOALVEOLAR CARCINOMA,LUNG
1 57 57 80231 3923 D-HEMOLYTIC ANEMIA
;6 53 53 82295 4258 D-CONGESTIVE HEART FAILURE
ý3 51 5, 83062 4559 E-INTERSTITIAL PNEUMCNIA
?0 48 48 79189 3351 D-UREMIA

48 48 80197 3598 D-INTERSTITIAL PNEUMONIA
48 48 81124 3722 E-LYMPHOSARCCMA,LIVER
48 48 83341 4964 E-ADENOCARCINOMAMAMMARY GLAND
44 44 84221 4914 E-ADENOCARCINOMA,NASAL"9 43 43 86013 5437 E-CARCINOMA,LUNG

75 41 41 81290 4056 D-RENAL TUMORS
72 39 39 85254 5608 E-HEMANGIOSARCOMA,MUSCLE
'2 39 39 84164 4821 D-SQUAMOUS CELL CARCINOMA,TCNSIL
ý9 38 38 80325 4014 E-AOENOCARCINCMA,MAMMARY GLA•
ý9 36 36 83084 4707 D-ADENOCARCINCMA,JEJUNUM
i5 36 36 81263 4318 D-RENAL AMYLOIDOSIS

36 36 85089 5665 E-CARCINOMA,LUNG
34 34 82209 4136 D-EPILEPSY

ý6 30 30 80293 4042 D-MENINGIOMA
' 6 30 30 82105 4236 E-PITUITARY TUMOR
'5 30 30 82134 4096 E-LYMPMOSARCCOA
;2 28 28 82348 4310 D-HISTEOCYTIC LYMPHOSARCCMALIVER
.3 24 24 85019 5372 E-CARCIKCHA,MAMMARY GLAND
-3 23 23 79058 3219 0-ENCEPHALITIS
.8 20 20 81189 4303 E-THRCOBOEMSOLISM
7 20 20 86086 5678 E-DEGENERATIVE DISC DISEASE

_7 20 20 87006 5759 E-LYMPHOSARCOMA,SKIN
:3 19 19 81230 3792 D-ENOCMETRITIS;CARCINOMA,LUNG
3 18 18 84349 5499 D-CONGESTIVE HEART FAILURE0 17 17 83266 4762 D-ENTERITIS
.0 17 17 82018 4497 E-DISC PROTRUSION
9 15 15 84122 4814 E-CARCINOMA,MAMMARY GLAND
8 15 15 82288 4250 D-HISTEOCYTIC LYMPHOSARCCOA,SPLEER
7 14 14 81042 3934 D-PROSTATITIS;CARCINCIA,SALIVARY
3 13 13 81285 4177 D-HEPATIC DEGENERATICN""3 13 13 82208 4628 D-PANCREATIC ISLET CELL CARCINCMA

82084 4567 E-RENAL ATRCPHY
81005 4123 E-NECROTIZING ARTERITIS
82174 4601 E-CARCINCMA,LUNG
85265 5788 D-CCNGESTIVE HEART FAILURE
83223 4850 E-CARCINOMA,LUNG
85154 5512 E-NEPHROSCLEROSIS
83179 4680 D-CARCINOCIA,LUNG
85114 5346 E-CARCINO'MA,LUNG
86041 5470 D-THROMBOSIS,LUNG
83067 4400 E-OSTEOSARCOMA,SACRUM;CARCINOMAPROSTATE
81090 3658 D-ACCIDENTAL DEATH
84080 4743 D-NEPHRITIS,CHRONIC

URE.

MINENT FINDINGS ARE INCLUDED.
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A.8 9 1Y in Fused Aluminosilicate Partkles, Longevity Study

INHALATION EXPOSURE DOSE RATE (
DOG IDENTIFICATION ---------------------- I.B.. I.L.B. ...................
.................. AGE WT -------------- ------------------------------- 60 120
TATTOO AN-EXPT SEX BLOCK DATE DAYS KG MBQ/KG MBO RANK UCI/KG UCI MBO/KG MBO INITIAL DAYS DAYS
........ ....... ... -- - . ..... ... .. . .... . ..- .. .... ..... .... ...... .. ... .. .... ... .... .....-- - --

386T 04-759 F 0 70154 400 13.5 37. 520. 01 360 4900 13. 180. 9.9 4.4
375A 01-722 M A 70079 369 10.4 32. 330. 02 320 3!00 12. 120. 8.8 3.6 1.5
384A 02-758 m C 70153 404 12.0 28. 340. 03 300 3600 11. 130. 8.3 3.9 1.8
383S 01-760 F B 70155 409 11.0 31. 340. 04 300 3300 11. 120. 8.3 3.6 1.5
384S 02-759 F B 70154 405 10.9 26. 280. 05 300 3300 11. 120. 8.; 3.6 1.6
372A 03-724 m A 70082 380 11.2 25. 280. 06 270 3100 10. 110. 7.5 3.2 1.3

• 3848 03-758 H C 70153 404 10.2 24. 240. 07 260 2700 9.6 100. 7.2 3.2 1.4

392U ni-761 F D 70156 368 9.4 17. 160. 08 260 2400 9.6 89. 7.1 3.2 1.4
385A 03-759 H C 70154 4•1 11.0 13. 140. 09 230 2600 8.5 96. 6.4 2.8 1.2
393s 01-758 F B 70153 362 10.8 14. 160. 10 210 2300 7.8 85. 5.7 2.5 1.1
374A 03-722 M A 70079 369 10.8 11. 110. 11 200 2100 7.4 78. 5.3 2.4 1.1
387V 02-760 F 0 70155 399 7.1 15. ICl. 12 190 1300 7.0 48. 5.2 2.3 1.0
489C 01-951 M K 71257 382 7.6 13. 100. 13 190 1500 7.0 56. 5.2 2.2 0.96
484E 01-953 M K 71259 398 9.1 11. 100. 14 180 1700 6.7 63. 5.1 2.1 0.90
423C 03-835 M E 70342 391 8.9 8.5 74. 15 170 1500 6.3 56. 4.6 2.0 0.86
426S 04-834 F F 70341 386 7.9 12. 96. 16 170 1300 6.3 48. 4.3 1.9 0.81
491A 04-952 M 1 71258 368 9.8 14. 140. 17 170 1700 6.3 63. 4.7 2.0 0.84
483T 04-951 F L 71257 396 6.4 10. 63. 18 170 1100 6.3 41. 4.5 2.0 0.88
484S 03-951 F J 71258 397 7.2 14. 96. 19 170 1200 6.3 44. 4.5 1.9 0.82
3748 01-724 M A 70082 372 9.4 12. 110. 20 160 1500 5.9 56. 4.3 1.9 0.82
3850 01-759 M C 70154 401 9.4 13. 120. 21 160 1500 5.9 56. 4.3 1.9 0.84.
385S 04-715 F 8 70153 400 8.8 17. 150. 22 150 1300 S.5 48. 4.0 1.3 0.78

-
4

20C 01-334 K G 70341 401 10.9 13. 140. 23 150 1700 5.5 63. 4.2 1.9 0.84
419V 04-835 F H 70342 415 7.1 6.3 44. 24 150 1100 5.5 41. 4.2 1.8 0.79
4918 01-952 M 1 71258 368 9.0 7.4 67. 25 150 1300 5.5 48. 4.1 1.7 0.72
390V '02-761 F D 70156 376 7.6 17. 130. 26 140 1100 5.2 41. 3.8 1.7 0.77
492A 03-956 m 1 71264 374 11.3 11. 120. 27 140 1500 5.2 56. 3.7 1.5 0.60
422C 02-834 M E 70341 397 10.8 7.4 81. 28 130 1400 4.8 52. 3.7 1.6 0.69
485U 02-951 F J 71257 394 6.2 8.1 52. 29 130 830 4.8 31. 3.6 1.5 0.65
4899 01-954 M K 71260 386 10.0 8.9 89. 30 130 1300 4.8 48. 3.6 1.5 0.64
420U 01-836 F F 70343 403 7.3 9.3 67. 31 120 880 4.4 33. 3.3 1.5 0.66
4208 01-837 M G 70344 404 10.4 7.8 81. 32 120 1300 4.4 48. 3.3 1.5 0.64
422S 02-835 F H 7034Z 398 11.3 10. 120. 33 120 1400 4.4 52. 3.3 1.4 0.58
490T 02-952 F J 71258 369 7.9 5.2 41. 34 120 920 4.4 34. 3.2 1.4 0.62
430A 01-835 M E 70342 372 11.6 21. 240. 35 110 1200 4.1 44. 3.0 1.3 0.60
425T 03-834 F F 70341 387 8.2 13. 110. 36 110 940 4.1 35. 3.3 1.4 0.61
484V 04-953 F L 71259 398 6.0 6.7 41. 37 110 680 4.1 25. 3.0 1.3 0.56
3768 02-724 M A 70082 370 8.4 10. 85. 38 110 900 4.1 33. 3.0 1.3 0.56
4225 01-838 M E 70348 404 11.4 5.9 67. 39 110 1200 4.1 44. 2.9 1.3 0.56
428A 02-841 M G 70351 393 9.4 7.4 70. 40 110 1100 4.1 41. 3.1 1.3 0.57
4848 03-951 m 1 71257 396 8.6 6.3 56. 41 110 930 4.1 34. 2.9 1.2 0.52
489S 02-956 F J 71264 390 8.1 6.7 52. 42 110 890 4.1 33. 3.0 1.3 0.52
387S 01-767 F 0 70162 406 7.7 12. 96. 43 100 800 3.7 30. 2.8 1.2 0.51
419T 02-838 F F 70348 421 7.8 9.3 70. 44 100 800 3.7 30. 2.8 1.2 0.54
490S 03-954 F L 71260 372 8.1 7.0 56. 45 100 850 3.7 31. 2.9 1.2 0.51
390T 04-766 F 8 70161 381 8.6 7.4 63. 46 97 830 3.6 31. 2.6 1.2 0.51
4830 02-953 M 1 71259 398 7.7 5.2 41. 47 94 720 3.5 27. 2.5 1.1 0.48
490A 02-954 M K 71260 372 9.2 5.5 52. 48 92 840 3.4 31. 2.5 1.1 0.45
492S 04-956 F J 71264 374 8.0 10. 85. 49 90 720 3.3 27. 2.5 0.94 0.36

S..0..o



BETA RADIATION DOSE TO LUNG
.,°°...........•............................................................

DOSE RATE (CY/DAY) CUMULATIVE (GY)
-------------------------------------. .-------------------------------

60 120 365 AT 60 120 365 POTENT. TO DEATH DAYS TO
iNITIAL DAYS DAYS DAYS DEATH DAYS DAYS DAYS INFIN. DEATH DATE DEATH COMMENTS....... .... ..... ..... ........ .--.. .... .... ....... .....-- ..... ....... ..........................................

9.9 4.4 2.1 410 730+ 570 70267 113 D-PULMONARY INJURY

8.8 3.6 1.5 1.1 350 490 590+ 510 70219 140 D-PULMONARY INJURY
8.3 3.9 1.8 0.69 350 510 650+ 600 70347 194 D-PULMONARY INJURY

8.3 3.6 1.5 0.85 340 480 590+ 530 70317 162 D-PULMONARY INJURY
8.2 3.6 1.6 0.51 340 480 600+ 560 70356 202 0-PULMONARY INJURY

7.5 3.2 1.3 0.53 30 430 520. 490 70267 185 D-PULMONARY INJURY
7.2 3.2 1.4 0.30 300 430 530. 510 71024 236 D-PULMONARY INJURY

7.1 3.2 1.4 0.91 290 420 530+ 460 70309 153 D-PULMONARY INJURY

6.4 2.8 1.2 0.59 260 380 460+ 420 70327 173 D-PULMONARY INJURY

5.7 2.5 1.1 0.48 230 330 410- 370 70330 177 D-PULMONARY INJURY

5.3 2.4 1.1 0.75 220 320 400+ 340 70226 147 O-PULMONARY INJURY

5.2 2.3 1.0 0.96 210 300 330. 310 70278 123 D-PULMONARY INJURY

5.2 2.2 0.96 0.078 210 300 370 37C 72190 298 0-PULMONARY INJURY

5.1 2.1 0.90 0.24 200 290 350. 340 72107 213 0-PULMONARY INJURY
4.6 2.0 0.86 0.49 190 270 330+ 290 71137 160 D-PULMONARY INJURY
4.3 1.9 0.81 0,28 180 250 310- 290 71172 196 D-PULMONARY INJURY
4.7 2.0 0.84 0.29 190 270 330+ 310 72089 196 0-PULMONARY INJURY

4.5 2.0 0.88 0.041 180 270 330 330 72238 346 D-PULMONARY INJURY
4.5 1.9 0.82 0.39 180 260 320+ 290 72065 172 D-PULMONARY INJURY
4.3 1.9 0.82 0.64 180 250 310. 260 70219 137 D-PULMONARY INJURY
4.3 1.9 0.84 0.36 180 260 320+ 290 70335 181 0-PULMONARY INJURY
4.0 1.8 0.78 0.097 160 240 290 290 71062 274 D-PULMONARY INJURY
"4.2 1.9 0.84 0.55 170 250 310+ 270 71128 152 D-PULMONARY INJURY
4.2 1.8 0.79 0.50 170 240 300+ 270 71130 153 0-PULMONARY INJURY
4.1 1.7 0.72 0.30 160 230 280+ 260 72074 181 E-PULMONARY INJURY
3.8 1.7 0.77 0.13 160 230 290. 280 71043 252 E-PULMONARY INJURY

3.7 1.5 0.60 0.14 140 200 240+ 230 72115 216 D-PULMONARY INJURY

3.7 1.6 0.69 0.30 150 210 260+ 240 71155 179 D-PULMCNARY INJURY
3.6 1.3 0.65 .019 150 210 250 250 250 74276 1115 D-BRONCHIOLOALVEOLAR CARCINOMA

3.6 1.5 0.64 .019 140 200 250 250 250 75234 1435 E-HEMANGIOSARCOMA,TBLN; B.A.CARCINOMA

3.3 1.5 0.66 0.42 140 200 250+ 220 71137 159 E-PULMONARY INJURY

3.3 1.5 0.64 0.30 140 200 240+ 220 71153 174 D-PULMONARY INJURY
3.3 1.4 0.58 0.27 130 190 230. 210 71150 173 D-PULMONARY INJURY

3.2 1.4 0.62 .022 130 190 230 230 230 76293 1861 0-BRONCHIOLOALVEOLAR CARCINOMA

3.0 1.3 0.60 0.059 120 180 220 220 71272 295 E-PULMONARY INJURY

1.3 1.4 0.61 .029 130 190 230 230 230 74268 1388 D-ADENOCARCINOMA,SROCHOGENIC

3.0 1.3 0.56 .015 120 180 210 210 210 75173 1380 E-COMBINED SQUAM.CELL-B.A.CARr.

3.0 1.3 0.56 .018 0.00004 120 170 210 210 210 72162 810 D-PULMONARY INJURY
2.9 1.3 0.56 .020 120 170 210 210 210 732u3 1011 D-PULMONARY INJURY
3.1 1.3 0.57 .018 0.00016 130 180 220 220 220 72325 704 D-PULMO4ARY INJURY
2.9 1.2 0.52 .015 120 170 200 200 200 75138 1342 )-BRONCHICLOALVEOLAR CARCINOMA

3.0 1.3 0.52 .015 120 170 200 210 210 76321 1883 E-BRONCHIOLOALVEOLAR CARCINOMA

2.8 1.2 0.51 .016 110 160 200 200 200 77119 2514 D-BRONCHIOLOALVEOLAR CARCINOMA

2.8 1.2 0.54 0.35 110 170 200+ a0 71135 152 0-PULMONARY INJURY
2.9 1.2 0.51 0.15 110 160 200+ 190 72101 206 0-PULMONARY VASCULAR INJURY

2.6 1.2 0.51 .018 110 160 190 190 190 76307 2337 E-BRONCHIOLOALVEOLAR CARCINOMA
2.5 1.1 0.48 .016 100 150 180 180 180 79319 2982 E-CARCINOMA,LUNG
2.5 1.1 0.45 0.43 100 140 180+ 150 72019 124 D-PULMONARY VASCULAR INJURY

2.5 0.'4 0.36 .0070 95 130 150 150 150 81035 3424 D-CARCINOMALUNG
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A.8 9 1Y in Fused Aluminosilkate Particles, Longevity Study (continued)

BET

INHALATION EXPOSURE DOSE RATE (GY/DA
DOG IDENTIFICATION ...................... I..8. I.L.B. ........................
.................. AGE WT .............. ............................... 60 120 36
TATTOO AN-EXPT SEX BLOCK DATE DAYS KG MBO/KG 4BQ RANK UCI/KG UCI MSG/KG M80 INITIAL DAYS DAYS DA

428S 03-837 F H 70344 386 7.1 7.8 56. 50 89 640 3.3 24. *2.5 1.1 0.51 .02
4840 01-956 M 1 71264 401 7.7 6.3 48. 51 88 670 3.3 25. 2.4 1.0 0.44 .01
488U 03-953 F L 71259 389 8.5 4.4 41. 52 87 740 3.2 27. 2.4 1.0 0.45 .01
420A 04-841 m E 70351 411 12.4 7.8 96. 53 82 1000 3.0 37. 2.2 1.1 0.51 .02
3830 01-766 m C 70161 415 10.1 5.9 59. 54 80 820 3.0 30. 2.2 0.95 0.41 .01
432A 04-838 M E 70348 367 9.7 4.8 44. 55 80 780 3.0 29. 2.2 0.99 0.44 .01
426A 01-838 M G 70348 393 11.5 5.9 70. 56 79 910 2.9 34. 2.2 0.96 0.42 .01
485W 04-954 F 1 71260 398 6.6 4.8 32. 57 76 500 2.8 19. 2.1 0.98 0.46 .02
422T 03-841 F F 70351 407 9.9 8.5 85. 58 75 740 2.8 27. 2.0 0.93 0.42 .01
425S 04-837 F H 70344 39C 10.5 10. 100. 59 73 760 2.7 28. 2.0 0.88 0.39 .01
4915 02-958 F 1 71265 376 8.1 4.1 33. 60 69 560 2.6 21. 1.9 0.75 0.30 .OC
426T 02-837 F F 70344 389 7.4 7.4 56. 61 67 490 2.5 18. 1.8 0.79 0.34 .01
4876 01-958 m K 71265 396 7.2 5.2 37. 62 59 430 2.2 16. 1.6 0.72 0.32 .01
391T 02-766 F D 70161 375 8.4 7.0 59. 63 59 500 2.2 19. 1.6 0.70 0.31 .01
3828 03-766 M C 70161 417 6.8 4.4 31. 64 57 390 2.1 14. 1.6 0.69 0.30 .01
431A 01-839 M E 70349 376 10.1 3.7 37. 65 49 500 1.8 19. 1.3 0.59 0.26 .OC
492C 03-958 m 1 71265 375 7.2 3.4 24. 66 47 340 1.7 13. 1.3 0.54 0.23
421T 02-836 F F 70343 402 9.6 4.4 41. 67 45 430 1.7 16. 1.2 0.54 0.24 .OC
489T 04-958 F L 71265 391 7.7 3.6 28. 68 44 340 1.6 13. 1.2 0.50 0.21 .OC
396X 03-767 F B 70162 363 7.9 7.4 59. 69 44 340 1.6 13. 1.2 0.57 0.27 .01
430C 04-836 m G 70343 373 7.9 3.3 26. 70 42 340 1.6 13. 1.1 0.48 0.20 G0C
428T 02-840 F H 70350 392 5.7 4.1 23. 71 41 230 1.5 8.5 1.1 0.49 0.22 .O0
4888 04-959 M 1 71266 396 8.1 2.1 17. 72 39 310 1.4 11. 1.0 0.47 0.21 .00
3728 02-722 m A 70079 377 11.6 10. 110. 73 35 400 1.3 15. 0.93 0.38 0.15 .OC
387U 02-767 F 8 70162 406 7.8 3.4 27. 74 34 260 1.3 9.6 0.91 0.39 0.17 .00
396S 04-767 F 0 70162 363 8.8 2.9 26. 75 33 300 1.2 11. 0.93 0.42 0.19 .00
4890 02-959 m K 71266 392 9.6 2.4 23. 76 33 320 1.2 12. 0.91 0.37 0.15 .OC
424S 03-839 F H 70349 398 9.3 1.4 13. 77 31 290 1.1 11. 0.85 0.37 0.16 .0C
488S 01-960 F 1 71267 397 7.3 2.8 21. 78 31 230 1.1 8.5 0.85 0.37 0.16 .OC
386A 03-763 M C 70159 405 11.0 1.4 16. 79 30 330 1.1 12. 0.83 0.37 0.17 .OC
376A 03-725 M A 70084 372 8.4 1.5 1!. 80 29 240 1.1 8.9 0.80 0.34 0.15 .0C
420D 03-836 M E 70343 403 9.3 4.1 37. 81 27 250 1.0 9.3 0.72 0.32 0.15 .OC
429S 04-839 F F 70349 382 10.2 3.2 33. 82 27 270 1.0 10. 0.72 0.32 0.14 .OC
484T 03-960 F L 71267 406 6.3 2.5 16. 83 27 180 1.0 6.7 0.73 0.30 0.12 .OC
383V 04-763 F D 70159 413 7.3 1.9 14. 84 23 170 0.85 6.3 0.64 0.27 0.11 .00
422A 02-839 m G 70349 405 11.6 1.4 16. 85 i9 230 0.70 8.5 0.53 0.23 0.096 .0C
425A 01-840 m G 70350 396 9.1 2.1 19. 86 19 180 0.70 6.7 0.52 0.23 0.10 .OC
487S 04-960 F 1 71267 398 6.6 1.7 11. 87 19 130 0.70 4.8 0.52 0.23 0.099 .0C
420S 04-840 F H 70350 410 7.6 1.6 12. 88 18 140 0.67 5.2 0.50 0.23 0.11 .00
3820 02-763 M C 70159 415 7.4 1.0 7.4 89 18 130 0.67 4.8 0.49 0.21 0.091 .OC
487A 03-959 M 1 71266 397 8.1 1.1 8.9 90 16 130 0.59 4.8 0.42 0.19 0.083 .00
4928 02-960 m K 71267 377 8.9 1.1 10. 91 16 140 0.59 5.2 0.43 0.18 0.078 .00
485T 01-959 F L 71266 404 7.4 1.0 7.4 92 16 120 0.59 4.4 0.41 0.19 0.086 .00
373A 02-725 m A 70084 378 9.0 1.4 12. 93 15 140 0.55 5.2 0.42 0.18 0.074 .00
383W 01-763 F B 70159 413 7.8 1.6 13. 94 14 110 0.52 4.1 0.39 0.16 0.066 .00
423U 03-840 F F 70350 399 8.3 1.3 8.1 95 13 110 0.48 4.1 0.35 0.15 0.066 .00
4326 01-841 M E 70351 370 8.1 0.93 7.8 96 11 92 0.41 3.4 0.31 0.14 0.065 .00
370A 01-725 M A 70084 393 9.6 C
3818 03-755 M C 70147 414 11.2 C
385T 01-755 F a 70147 394 8.1 C
389W 02-755 F D 701,7 381 8.4 C
420T 01-833 F H 7037- 398 8.7 C
424A 02-833 H E 70338 387 9.8 C
428U 04-833 F F 70338 380 6.3 C
4318 03-833 M G 70338 365 9.2 C
483A 02-950 M K 71256 395 9.1 C
485S 03-950 F J 71256 394 8.3 C488C 04-950 H 1 71256 386 8.2 C
488T 01-950 F L 71256 386 8.6 C

488T 01PR50 F L 71256U 386 86 L

UCI/KG REPRESENTS MICROCURIES OF RADIONUCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.
O80/KG REPRESENTS MEGAEEDUERELS OF RADIONUCLIDE PER KILOGRAM OF TOTAL SCOY WEIGHT.

DOSE RATE AND CUMULATIVE DOSE ARE PRESENTED AS FUNCTIONS OF TIME IN DAYS AFTER INHALATION EXPOSURE.
+ INDICATES THE DOG DIED BEFORE IT RECEIVED ITS POTENTIAL INFInITE DOSE.
COMMENT: D, E, OR S INDICATE THE DOG DIED, WAS EUTHANIZED CR WAS iACRIFICED, RESPECTIVELY. PROMINENT FINDINGS ARE IN



BETA RADIATION DOSE TO LUNGS.... .. °....°................•...............°........................... ....

DOSE RATE (GY/DAY) CUMULATIVE (GY)
°.. °... ................ o........... ..... .. .. ...................... ° .. °.

60 120 365 AT 60 120 365 POTENT. TO DEATH DAYS TO
INITIAL DAYS DAYS DAYS DEATH DAYS DAYS DAYS INFIN. DEATH DATE DEATH COMMENT
.. . ... .. ..... .... . .... .... ... .... .... .... ... . .... ..... ....... . ..... °.... •. ..... ° .... .° .°.°° o .............. ....

2.5 1.1 0.51 .020 100 150 190 190 190 77163 2376 D-SQUAMOUS CELL CARCINOMA,LUNG
2.4 1.0 0.44 .014 96 140 170 170 170 80207 3230 D-CARCINOMA,LUNG
2.4 1.0 0.45 .013 97 140 170 170 170 77356 2289 D-SQUAMOUS CELL CARCINOMA, LUNG
2.2 1.1 0.51 .024 0.011 95 140 180 180 180 72047 426 D-PULMO'IARY INJURY
2.2 0.95 0.41 .013 90 130 160 160 160 77353 2749 E-SQUAMOUS CELL CARC. AND OSTEOSARC.,LUNG Z-
2.2 0.99 0.44 .017 90 130 160 160 160 80198 3502 E-CARCINUMA,LUNG
2.2 0.96 0.42 .015 89 130 160 160 160 75135 1613 D-COMBINED SQUAMOUS CELL-B-A-CARCINOMA
2.1 0.98 0.46 .021 88 130 160 170 170 79228 2890 O-PULMONARY INJURY
2.0 0.93 0.42 .017 85 120 150 160 160 78212 2783 D-0-A-CARCINOMA AND OSTEOSARCOMA,LUNG
2.0 u.88 0.39 .014 81 120 140 150 150 78263 2841 E-SQUAMOUS CELL-B-A-CARCINOMA,LUNG
1.9 0.75 0.30 .0075 74 100 120 120 120 80358 3380 E-CARCINCMALUNG
1.8 0.79 0.34 .012 74 110 130 130 130 80340 3648 E-CARCINOMA,MAMMARY;CARCINOf4A,LUNG
I.e C.72 0.32 .012 67 97 120 120 120 84206 4689 E-BRONCHIOLOALVEOLAR CARCINOMA,LUNG
1.6 0.70 0.31 .010 65 94 120 120 120 81169 4026 E-CARCINCMA,ADRENAL CORTEX
1.6 0.69 0.30 .011 64 92 110 110 110 80115 3606 D-CARCINOMA,LUNG
1.3 0.59 0.26 .0089 55 79 97 97 97 76005 1847 E-HEMANGIOSARCOMA,SPLEEN
1.3 0.54 0.23 0.093 52 74 90+ 83 72083 183 D-PULMONARY VASCULAR INJURY
1.2 0.54 0.24 .0091 50 72 90 91 91 84019 4789 E-FIBROMAS,VAGINA
1.2 0.50 0.21 .0060 47 67 81 82 82 86055 5269 E-VERTEBRAL FRACTURE
1.2 0.57 0.27 .012 51 75 95 96 96 79021 3146 E-HEMANGIOSARCOMA,HEART
1.1 0.48 0.20 .0058 46 65 78 79 79 82337 4377 D-CARCINOMACOLON
1.1 0.49 0.22 .0076 45 65 31 81 81 84284 5047 E-ADENGCARCINOMA,MAMMARY GLAND
1.0 0.47 0.21 .0078 43 62 77 78 78 86359 5572 D-CARCINOMA,LUNG
0.93 0.38 0.15 .0037 37 52 61 62 62 80270 3843 D-GRANULOMATOUS INFECTION
0.91 0.39 0.17 .0059 37 53 64 64 64 81182 4038 E-CARCINOMA,MAMMARY GLAND
0.93 0.42 0.19 .0075 38 56 70 70 70 83165 4751 D-CARCINCM4A,LUNG
0.91 0.37 0.15 .0041 36 51 61 61 61 84344 4826 D-CO4GESTIVE FAILURE,HEART
0.85 0.37 0.16 .0058 35 50 62 62 62 82307 4341 E-CARCINOMA,LUNG
0.85 0.37 0.16 .0050 34 49 60 60 6') 86294 5506 D-SEPTICEMIA
0.83 0.37 0.17 .0063 34 49 61 62 62 83124 4713 E-CARCINOMA,LUNG
0.80 0.34 0.15 .0055 32 46 56 56 56 79187 3390 E-TUMOR, NASAL CAVITY
0.72 0.32 0.15 .0055 30 43 54 54 54 86220 5721 E-HEART FAILURE
0.72 0.32 0.14 .0048 30 42 52 53 53 84047 4811 E-GRONCHIOLOALVEOLAR CARCINOMA,LUNG
0.73 0.30 0.12 .0030 29 40 48 48 48 83105 4221 D-CARCINCtA,LUNG
0.64 0.27 0.11 .0036 26 36 44 44 44 83221 4810 E-ADENOCARCINOMA,MA)MMARY
0.53 0.23 0.096 .0029 21 31 37 37 37 86129 5624 E-CARCINOMA,LUNG
0.52 0.23 0.10 .0039 21 31 39 39 39 79125 3062 E-TUMOR, PITUITARY
0.52 0.23 0.099 .0042 21 30 38 38 38 83270 4376 E-CARCINCMA,LUNG
0.30 0.23 C.11 .0045 21 31 30 39 39 82177 4210 D-CARCINCMA,BLADDER
1.49 0.21 0.091 .0037 20 28 35 35 35 84182 5136 E-ADENOCARCINOMA,LUNG
0.42 0.19 0.083 .0030 17 25 31 31 31 83115 4232 E-CARCINOMA,LUNG
0.43 0.18 0.078 .0023 17 25 30 30 30 84117 4598 E-ADENOCARCINCMA,PERIANAL GLAND
0.41 0.19 0.086 .0035 17 25 31 31 31 8V204 5052 O-ADENOCARCINOMA,MAMMARY GLAND
0.42 0.18 0.074 .0027 17 24 29 29 29 84043 5072 D-HEART FAILURE
0.39 0.16 0.066 .0028 16 22 26 26 26 84103 5057 E-PYOMETRA
0.35 0.15 0.066 .0022 14 20 25 25 25 84138 4901 E-NEPHRITIS,CHRONIC
0.31 0.14 0.065 .0026 13 19 24 24 24 83040 4437 E-CHOLANGIO HEPATITIS

82091 4390 E-ACCIDENTAL DEATH
86245 5942 E-AOENCMA,PITUITARY
83178 4779 E-ADENOCARCINOMA,MA)MNARY
82171 4407 D-PYOMETRA
85165 5386 E-INTERSTITIAL NEPHRITIS
85079 5220 E-PROLAPSED DISC
85017 5158 E-MALIGNANT MELANOMA,MOUTH
79080 3029 D-UNDETERMINED
85312 5170 E-NEPHROSCLEROSIS
82001 3763 0-LYMPHOADENOPATHY
86144 5367 D-RENAL CALCULI
80332 3363 D-CARCINOMA,BLADDER

EXPOSURE. 147
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A.9 14 4 Ce in Fused Aluminosilicate Particles, Longevity Study (Series I)

BETA

INHALATION EXPOSURE DOSE RATE (GY/DAY
DOG IDENTIFICATION --------------------- 1.8.B. I.L.B. .......................
.................. AGE WT -------------- ------------------------------- 60 120 365
TATTOO AN-EXPT SEX BLOCK DATE DAYS KG MBQ/KG HBO RANK UCI/KG UCI MBO/KG MBQ INITIAL DAYS DAYS DAY
--------------- --------------- ---...----------------- ---------------------------------------

2288 02-490 M C 68029 372 8.4 20. 170. 01 210 1700 7.8 63. 13. 8.8 7.2

2108 01-474 M A 67348 419 7.9 16. 130. 02 190 1500 7.0 56. 11. 8.6 6.7

2098 02-474 m A 67348 421 9.1 11. 100. 03 190 1700 7.0 63. 10. 7.7 6.1
2086 01-478 F 8 67355 432 11.0 17. 190. 04 180 2000 6.7 74. 10. 8.4 6.7
211G 02-478 F & 67355 4Z4 7.5 10. 74. 05 120 890 4.4 33. 6.9 5.3 4.2
226C 01-490 M C 68029 374 7.8 11. 89. 06 96 740 3.6 27. 5.5 4.2 3.2
217A 01-491 m C 68030 407 8.8 4.8 41. 07 68 600 2.5 22. 3.8 2.9 2.2
211A 03-473 m A 67347 416 8.1 3.7 30. 08 66 540 2.4 20. 3.8 2.9 2.3
211E 03-477 F B 67354 423 8.6 4.4 41. 09 51 440 1.9 16. 2.9 2.2 1.7 .6
228A 02-491 m C 68030 373 9.9 2.5 25. 10 34 330 1.3 12. 1.9 1.4 1.1 .4
2110 02-473 M A 67347 416 7.1 2.0 14. 11 27 190 1.0 7.0 1.5 1.0 0.74 .2
211F 02-477 F B 67354 423 8.7 1.4 12. 12 19 170 0.70 6.3 1.1 0.79 0.60 .Z

223A 03-491 m C 68030 382 9.8 1.3 12. 13 15 150 0.55 5.5 0.89 0.60 0.4. .1

208D 01-477 F B 67354 431 5.9 0.96 5.5 14 15 91 0.55 3.4 0.89 0.68 0.53 .2

209C 01-473 m A 67347 420 9.0 1.0 8.9 15 11 100 0.41 3.7 0.64 0.49 0.38 .1

208A 01-476 M A 67353 430 8.9 C
2090 02-476 F B 67353 426 7.9 C
220C 01-492 M C 68032 391 10.2 C

UCI/KG REPRESENTS MICROCURIES OF RADIONUCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.
MBC/KG REPRESENTS MEGABEGUERELS OF RADIONUCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.
DOSE RATE AND CUMULATIVE DOSE ARE PRESENTED AS FUNCTIONS OF TIME IN DAYS AFTER INHALATION EXPOSURE.
+ INDICATES THE DOG DIED BEFORE IT RECEIVED ITS POTENTIAL INFINITE DOSE.
COMMENT: D, E, OR S INDICATE THE DOG DIED, WAS EUTHANIZED OR WAS SACRIFICED, RESPECTIVELY. PROMINENT FINDINGS ARE I

0



BETA RADIATION DOSE TO LUNG

DOSE RATE (GY/DAY) CUMULATIVE DOSE (GY)S........ ........................ ................................-

60 120 365 AT 60 120 365 POTENT. TO DEAT4 DAYS TO
INITIAL DAYS DAYS DAYS DEATH DAYS DAYS DAYS INFIN. DEATH DATE DEATH COMMENT

° o. .. . . . . . . . . . . . . . . . . ......... ...- -- - - - - - - - - -- - - - - - .. ... ....--- ........................................

13. 8.8 7.2 7.0 640 1100 6700+ 1300 68172 143 D-PULMONARY INJURY
11. 8.6 6.7 5.3 580 1000 2700. 1400 68156 173 D-PULMONARY INJURY
10. 7.7 6.. 4.7 530 940 2400+ 1300 68164 181 D-PULMONARY INJURY
10. 8.4 6.7 5.5 560 1000 2900. 1400 68172 182 D-PULMONARY INJURY
6.9 5.3 4.2 3.4 370 650 1700. 840 68161 171 0-PULMONARY INJURY
5.5 4.2 3.2 2.4 290 510 1200+ 700 68218 189 E-PULMONARY INJURY
3.8 2.9 2.2 1.7 200 360 830+ 480 68216 186 O-PULMONARY INJURY
3.8 2.9 2.3 1.2 200 360 880+ 580 68239 257 0-PULMONARY INJURY
2.9 2.2 1.7 .66 0.57 150 270 530 720. 560 69033 410 D-PULMONARY INJURY
1.9 1.4 1.1 .42 C.015 98 170 340 460 460 71252 1318 E-HEMANGIOSARCOMA,LUNG

0 1.5 1.0 0.74 .24 0.012 76 130 230 300+ 290 71071 1185 D-HEMANGIOSARCOMA,LUNG
3 1.1 0.79 0.60 .23 56 97 190 250 250 76317 3250 E-OSTEOSARCOMA,LUNG
5 0.89 0.60 0.44 .16 44 75 140 190 190 74309 2471 E-HEMANGIOSARCOMA,BONE

S0.89 0.68 0.53 .20 t7 83 170 220 220 74193 2396 D-HEMANGIOSARCCMA,T6LN.
7 0.64 0.49 0.38 .15 34 60 120 160 160 79143 4179 E-LYMPHOMA,VISCERAL

82328 5454 0-RENAL ATROPHY
80183 4578 D-RENAL AMYLOIDOSIS
81042 4759 E-SQUAMOUS CELL CARCINOMA,TONSIL

N EXPOSURE.

Y. PROMINENT FINDINSS ARE INCLUDED.
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A.1O 144Ce in Fused A.iinusi!icate Pariticle, Longevity Study (Series I!)

oo...... ... o ..........

INHALATION EXPOSURE DOSE RATE (C

DOG IDENTIFICATION --------------------- 1.8.B. I.L.8. ....................

.................. AGE UT ................-........................................... 60

TATTOO AN-EXPT SEX BLOCK DATE DAYS KG MBOfKG M9Q RANK UCI/KG UCI MBO/KG MBo INITIAL DAYS C
....... .......... .. .................... ................. ..... .......................... ......... ....... ........ ...

315V 02-595 F D 69149 398 7.2 6.3 44. 01 66. 470. 2.4 17. 3.7 2.7

2988 02-586 M A 69121 399 9.1 4.8 44. 02 65. 590. 2.4 22. 3.7 2.9

327A 01-642 M E 69213 387 9.4 4.4 41. 03 56. 520. 2.1 19. 3.2 2.4

479U 04-947 F L 71225 379 6.8 6.7 44. 04 54. 360. 2.0 13. 3.2 1.9 .57
"330S 02-642 F F 69213 374 8.3 4.1 34. 05 53. 440. 2.0 16. 3.0 2.3
297S 03-586 F 8 69121 402 10.4 6.3 67. 06 46. 470. 1.7 17. 2.7 2.0 .6C

470A 03-947 M K 71225 397 11.0 2.5 27. 07 44. 480. 1.6 18. 2.7 2.0
465S 03-918 F J 71176 382 7.9 3.7 30. 08 41. 330. 1.5 12. 2.4 1.8
465A 04-918 M 1 71176 382 11.4 2.3 26. 09 41. 460. 1.5 17. 2.3 1.8
330U 03-641 F F 69212 373 6.0 3.1 19. 10 37. 220. 1.4 8.1 2.2 1.5 .41

315A 01-595 M C 69149 398 10.9 4.8 15. 11 35. 380. 1.3 14. 2.0 1.3 .43

3308 04-641 M E 69212 373 6.3 2.7 17. 12 34. 220. 1.3 8.1 2.0 1.4 .31

303A 01-586 M A 69121 422 9.5 2.8 27. 13 33. 320. 1.2 12. 1.9 1.4
454A 03-883 M G 71106 402 8.8 2.5 22. 14 32. 280. 1.2 10. 1.9 1.4 .31
453S 04-883 F H 71106 408 8.0 1.4 11. 15 29. 230. 1.1 8.5 1.7 1.3 .41

4648 01-918 M I 71176 385 9.4 1.7 16. 16 27. 250. 1.0 9.3 1.6 1.1 .25

310T 02-594 F 0 69148 421 8.9 4.8 41. 17 26. 230. 0.96 8.5 1.5 1.1 .3!

460S 02-918 F J 71176 419 7.9 3.0 23. 18 24. 190. 0.19 7.0 1.5 0.97 .21

480S 02-947 F L 71225 373 8.3 1.9 16. 19 24. 200. 0.89 7.4 1.5 1.0 .25

3128 03-594 m C 69148 399 9.0 1.8 16. 20 24. 210. 0.89 7.8 1.4 1.0 .31

"298S 03-585 F 8 69120 398 10.4 2.3 24. 21 23. 240. 0.85 8.9 1.3 0.97 .25

4558 01-883 M G 71106 402 11.7 2.2 26. 22 19. 220. 0.70 8.1 1.1 0.83 .21

471A 01-947 m K 71225 397 7.5 1.3 9.6 23 19. 150. 0.70 5.5 1.2 0.80 .21

453T 02-883 F 4 71106 408 6.4 1.7 11. 24 18. 110. 0.67 4.1 1.0 0.75 .2C
315U 01-594 F 0 69148 397 8.3 1.9 16. 25 18. 150. 0.67 5.5 1.0 0.77 .21

304S 01-585 F 8 69120 386 7.4 1.3 9.6 26 17. 120. 0.63 4.4 0.98 0.72 .21
3113 03-593 M C 69147 400 9.3 0.74 7.0 27 14. 130. 0.52 4.8 0.79 0.57 .1I

328T 02-641 F F 69212 385 10.6 0.96 10. 28 13. 140. 0.48 5.2 0.76 0.55 .1!
467A 03-916 m I 71175 373 12.2 0.96 11. 29 13. 160. 0.48 5.9 0.77 0.55 .VL
"467T 04-946 F L 71224 422 6.4 0.67 4.4 30 13. 81. 0.48 3.0 0.78 0.55 it

2973 02-585 M A 69120 401 9.6 1.9 18. 31 12. 110. 0.44 4.1 0.68 0.45 .Vt

326C 01-641 M E 69212 391 9.4 0.67 6.3 32 12. 110. 0.44 4.1 0.70 0.51 .11
463A 02-916 M I 71175 411 10.9 0.74 8.1 33 12. 130. 0.44 4.8 0.74 0.50 .11

4808 03-946 m K 71224 372 8.2 0.74 6.3 34 11. 91. 0.41 3.4 0.68 0.46 .1'

454S 04-882 F H 71105 401 9.6 1.5 14. 35 10. 95. 0.37 3.5 0.60 0.44 .1;

454E 03-882 M G 71105 401 8.9 0.78 7.0 36 9.8 87. 0.36 3.2 0.60 0.42 .1;

305v 02-584 F 8 69119 382 6.9 0.67 4.4 37 9.8 67. 0.36 2.5 0.57 0.37 .1(

460T 04-916 F J 71175 418 7.4 1.1 12. 38 9.5 70. 0.35 2.6 0.56 0.42 .1I

3273 01-640 m E 69211 385 9.0 0.59 5.2 39 8.0 72. 0.30 2.7 0.46 0.32 .0C

323V 02-640 F F 69211 408 7.8 0.44 3.4 40 7.8 60. 0.29 2.2 0.45 0.33 .0O
3038 03-584 N A 69119 389 6.7 0.63 4.4 41 7.6 51. 0.28 1.9 0.44 0.34 .1,

3103 C2-593 F 0 69147 420 9.1 0.35 3.2 42 6.3 57. 0.23 2.1 0.36 0.26 .0"

469S 02-946 F L 71224 397 7.2 0.48 3.4 43 5.8 42. 0.21 1.6 0.35 0.26 .01

4788 01-946 M K 71224 379 9.6 0.37 3.7 44 5.7 54. 0.21 2.0 0.33 0.26 .01
3088 01-593 M C 69147 402 10.3 0.27 2.8 45 5.4 55. 0.20 2.0 0.31 0.23 .0(

454C 01-882 m G 71105 401 9.5 0.52 4.8 46 5.4 51. 0.20 1.9 0.32 0.24 .04
464T 01-916 F J 71175 384 7.4 0.44 3.2 47 5.0 37. 0.19 1.4 0.29 0.21 .0!
455T 02-882 F H 71105 401 10.4 0.59 6.3 48 4.9 51. 0.18 1.9 0.30 0.21 .0!

S313S 01-598 F 0 69160 411 7.9 0.30 2.4 49 2.4 19. 0.089 0.70 0.14 0.098 .0;

K?



BETA RADIATION DOSE TO LUNG

DOSE RATE (GY/DAY) CUMULATIVE DOSE (GY)

60 365 AT 60 365 POTENT. TO DEATH DAYS TODAYS DAYS DEATH DAYS DAYS INFIN. DEATH DATE DEATH COMENT°... .... ........ ........ . .......- ....... ... ......--- ....... - - - . . . . . . . . . . . . . . . . . . . . . . . .

2.7 1.3 190. 890. + 530. 70030 246 D-PULMONARY INJURY2.9 1.5 200. 1000. + 570. 69355 234 D-PULMONARY INJURY2.4 0.99 170. 840. + 500. 70121 273 D-PULMONARY INJURY1.9 .57 0.12 140. 470. 620. + 590. 73284 790 E-NMEANGIOSARCOMA,LUNG2.3 0.91 150. 710. + 500. 70127 279 0-PULMONARY INJURY2.0 .60 0.15 140. 500. 660. + 610. 71141 750 E-IEMANGIOSARC. AND FIBROSARC ,LUNG
2.0 0.69 140. 530. * 410. 72135 275 0-PULMONARY INJURY
1.8 0.91 120. 460. + 280. 71361 185 D-PULMONARY INJURY1.8 0.66 120. 570. + 410. 72122 311 0-PULMONARY INJURY1.5 .43 0.032 110. 360. 470. * 460. 72194 1077 E-NEMANGIOSARCOMA,LUNG1.3 .43 0.060 95. 330. 460. + 430. 71335 916 D-HEMANGIOSARC. AND 8-A-CARCINOMA,LUNG1.4 .38 100. 340. 440. 440. 75334 2313 D-MEM-SARC.,SITE UND.;S-A-CARC. LUNG
1.4 0.74 98. 390. + 240. 69314 193 0-PULMONARY VASCULAR INJURY1.4 .31 0.012 98. 310. 380. 380. 74238 1228 O-PULMONARY THRCMBOSIS;AMYLOIDOSIS1.3 .41 0.018 89. 330. 440. * 430. 74236 1226 D-HEN-SARC.-B-A-CARC. -RCNCHO.CA. LUNG1.1 .29 0.0030 80. 260. 330. 330. 75238 1523 D-BRONCHIOLOALVEOLAR CARCINOMA1.1 .33 0.079 77. 270. 360. + 340. 71183 765 E-H1EMANGIOSARCOMA,LUNG0.97 .27 72. 230. 300. 300. 76160 1810 D-MIXED TUMOR,LUNG;B-A-CARCINOMA1.0 .29 0.0091 73. 250. 320. 320. 75017 1253 E-SQUAMOUS CELL CARCINOMA,NASAL CAVITY1.0 .31 0.0015 72. 250. 340. 340. 74217 1895 D-K8MANGIOSARCOMASPLEEN0.97 .29 68. 230. 320. 320. 77199 3001 E-MIXED TUMOR,LUNG; OSTE0SARC0=LA,LUNG0.83 .23 58, 200. 260. 260. 77C93 2179 0-EPILEPSY0.80 .22 57. 190. 250. 250. 77216 2183 E-hEMANGIOSARCOMA,BONE0.75 .20 53. 180. 230. 230. 78277 2728 E-HEMANGIOSARCOMA,SPLEEN0.77 .21 54. 180. 240. 240. 80092 3961 D-ADENOCARCINOMALUNG0.72 .21 0.00018 50. 170. 230. 230. 7525t 2327 D-HEMANGIOSARCOMA,LIVER0.57 .16 0.00060 40. 140. 180. 180. 74295 1974 E-WEXANGIOSARCCMABOTH HUMERI0.55 .15 39. 130. 170. 170. 79365 3805 E-GASTROENTEROPATHY0.55 .14 39. 13. 160. 160. 76112 1763 D-HEXANGIOSARCOMA,TBLN0.55 .17 39. 140. 180. 180. 76147 1749 0-ACCIDENTAL DEATH0.45 .14 33. 110. 150. 150. 76065 2501 D-PLEURITIS (NOCARDIA SP.)0.51. .14 36. 120. 160. 160. 782C5 3280 E-REMANGIOSARCOMA,TBLN0.50 .14 36. 120. 150. 150. 79102 2849 D-WEXANGIOSARCOMA,HEART0.46 .14 33. 110. 150. 150. 82125 3919 E-mEMANGIOSARC. ,TBLN;CARCINOMA,LUNG0.44 .12 0.0013 31. 100. 130. 130. 75171 1527 O-PrEMANGIOSARC.MA,HEART0.42 .12 30. 100. 130. 130. 77278 2365 E-WEMANGIOSARCOMA,DERMIS0.37 .10 46. 120. 120. 120. 85021 5746 D-CARCINCMA,SKIN0.42 .12 29. 100. 130. 130. 80189 33171 E-CKRONIC TRACHITIS0.32 .097 23. 78. 110. 110. 82316 4853 E-CARCINOMA,LUNG0.33 .092 0.00010 23. 79. 100. 100. 75127 2107 D-REMANGIOSARCCMA,TBLN0.34 .12 23. 86. 12G. 120. 76133 2570 E-HEHANGIOSARCOMA,LIVER0.26 .077 18. 63. 85. 85. 81049 4285 E-CARCINCHWA,LUNG0.26 .080 18. 64. 86. 86. 83235 4394 E-INTERSTITIAL NEPHRITIS;LUNG CARC.0.26 .083 18. 64. 87. 87. 78169 2502 D-NEMANGIOSARCOMA,TBLN0.23 .00028 16. 57. 77. 77. 82342 4943 D-MYOCARDIAL DEGENERATION;LUNG TUMOR0.24 .067 17. 57. 78. 78. 78301 2753 E-HEMANGIOSARCOMADISSEMINATED0.21 .053 15. 48. 62. 62. 82112 3955 D-PYOMETRA AND HEMANGIOMA,TSLN0.21 .050 15. 47. 60. 60. 76072 1793 E-HEMANGIOSARCOMA,SITE UNDETERMINED0.098 .029 7.0 24. 32. 32. 79257 3749 0-MEMANGIOSARCCMA,TBLN
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BETA RADIATION DOSE TO LUNG
...... ..................................... o....... .... ...................

DOSE RATE (GY/DAY) CUMULATIVE DOSE (GY)

60 365 AT 60 365 POTENT. TO DEATH DAYS TO
rTIAL DAYS DAYS DEATH DAYS DAYS INFIN. DEATH DATE DEATH COMMENT

-- -- - -- -- -.. .... ... ..... ... .... - - - - - - - --.... . .........---.. .... .. . .... ... . .. .... ... .... ... ... .... ... .... ... ...

12 0.089 .028 6.2 22. 30. 30. 81162 4410 D-CONGEST. HEART FAIL.;CARCINOMA,LUNG
;1 0.086 .025 5.9 21. 27. 27. 85238 5178 E-ADENOCARCINOMA,MAMMARY GLAND
0 0.079 .025 5.4 19. 26. 26. 76083 2479 0-PERITONITIS (NOCARDIA SP.)
392 0.068 .022 4.7 17. 23. 23. 79324 384.1 E-ADENOCARCINOMA,BLADOER
:83 0.067 .021 4.5 17. 22. 22. 82160 4698 E-CARCINOMALUNGý98 006 .021 4.5 17. 22. 22. 792 381 EAEORINALDR

)73 0.059 .019 3.9 15. 20. 20. 79132 3574 D-UNDETERMINED
171 0.052 .016 3.6 13. 17. 17. 80291 3404 E-LYMPHOSARCOMA,DISSEMINATED
'67 0.050 .014 3.5 12. 16. 16. 86261 5517 E-PYELONEPHRITIS
66 0.050 .013 3.4 12. 15. 15. 87114 5735 E-NEPHRITIS,KIDNEY
*41 0.030 .0096 2.1 7.5 10. 10. 81096 4266 E-HEMANGIOSARCOMA,SPLEEN
37 0.028 .0084 1.9 6.8 9.1 9.1 82285 4199 E-CARCINOMA,THYROID
37 0.023 .0068 1.6 5.6 7.4 7.4 86095 5400 O-CARCINOMA,MAMMARY
40 0.024 .0072 1.7 5.9 7.7 7.7 84201 4845 E-ADENOCARCINOMA,MAMMARY GLAND
26 0.018 .0051 1.3 4.3 5.7 5.7 84226 5547 E-ADENOCARCINOMA,MAMMARY GLAND
24 0.018 .0049 1.2 4.2 5.5 5.5 76260 2682 D-TRANSITIONAL CELL CARCINOMA,gLAODER
21 0.015 .0042 1.1 3.6 4.7 4.7 81127 4353 E-CAR.,KID.;LYMPHOSAR,SPLEEN;CAR.,LUNG
22 0.015 .0048 1.1 3.8 5.0 5.0 81215 3694 E-PERINEAL HERNIA
19 0.014 .0044 0.96 3.4 4.7 4.7 83210 5113 D-HEMANGIOSARCCMA,SPLEEN
18 0.014 .0047 0.94 3.5 4.8 4.8 86030 5286 D-BRONCHIOLITIS
14 0.011 .0034 0.74 2.7 3.6 3.6 84154 4679 D-SPONDYLITIS,ACUTE
11 0.0080 .0023 0.57 1.9 2.5 2.5 82071 4685 E-NECROTIZING PNEUMONIA
11 0.0087 .0030 0.58 2.2 3.1 3.1 83113 4392 E-CARCINOMA,MAMMARY GLAND
It 0.0078 .0026 0.52 2.0 2.7 2.7 83187 4466 E-PITUITARY TUMOR
195 0.0074 .0021 0.50 1.8 2.3 2.3 88150 6137 D-MUSCLE ABSCESSATION
371 0.0056 .0016 0.38 1.3 1.7 1.7 81083 4337 E-NECROTIZING HEPATITIS;CARC.,LUNG
349 0.0038 .0011 0.26 0.93 1.2 1.2 82096 3941 E-ADENOCARCINOMA,PROSTATE
147 0.0037 .0011 0.25 0.88 1.1 1.1 85110 5002 0-ENTERITIS
)46 0.0036 .0010 0.24 0.86 1.1 1.1 79054 3578 E-PERIPHERAL NERVE TUMOR

* 145 0.0035 .0010 0.24 0.85 1.1 1.1 79323 3818 E-CARCINOMA,MAMlMARY GLAND
) 37 0.0029 .00083 0.19 0.69 0.90 0.90 80252 3366 D-PYc*~ETRA
134 0.0026 .00076 0.18 0.64 0.82 0.82 86041 5417 D-BRONCHOPNEUMONIA
130 0.0024 .00068 0.16 0.57 0.74 0.74 84227 5548 E-NEPHRITIS,CHRONIC
)26 0.0020 .00059 0.14 0.49 0.64 0.64 85093 58Q8 E-INTERSTITIAL NEPHRITIS
)24 0.0019 .00055 0.13 0.46 0.59 0.59 86152 6205 0-EPILEPSY
ý23 0.0018 .00052 0.12 0.44 0.56 0.56 83100 5004 D-CARCINCMtA,LUNG
'20 0.0015 .00044 0.10 0.37 0.48 0.48 84054 5404 E-MENINGIORA,BRAIN
ý15 0.0012 .00033 0.079 0.28 0.36 0.36 85149 5837 E-INTERST!TIAL NEPHRITIS
12 0.00093 .00027 0.063 0.22 0.29 0.29 78276 2612 D-ACCIDENTAL DEATH
11 0.00083 .00024 0.057 0.20 0.26 0.26 86189 5496 E-DISC PROTRUSION
11 O.OOC83 .00024 0.057 0.20 0.26 0.26 83110 4390 E-CARCINOMA,TONSIL
095 0.00074 .00021 0.050 0.18 0.23 0.23 80279 4087 D-CONGESTIVE HEART FAILURE
083 0.00065 .00019 0.044 0.16 0.20 0.20 83007 4218 E-PITUITARY TUMOR
057 0.00044 .00013 0.030 0.11 0.14 0.14 83215 5119 D-HEPATIC DEGENERATION
054 0.00043 .00012 0.029 0.10 0.13 0.13 82353 4150 0-CHRONIC ENTERITIS
037 0.00029 .000084 0.020 0.071 0.091 0.091 84355 5624 E-CONGESTIVE HEART FAILURE
018 0.00014 .000040 0.0094 0.034 0.043 0.043 85253 5264 E-INTERSTITAL NEPHRITIS
014 0.00011 .000032 0.0075 0.027 0.035 0.035 86154 5530 O-PULMONARY FIBROSIS

80261 4151 D-HEMOLYTIC ANEMIA
83247 5233 D-CHRONIC PANCREATITIS
80323 4184 D-MAST CELL TUMOR,SPLEEN
S2025 4617 D-HYPERADRENOCORTICISM
83299 5203 D-TRANISITIONAL CELL CARC.,BLADDER
84100 5369 E-NEPHRITIS,CHRONIC
85042 5057 E-ANKYLOSING SPONOYLITIS
82276 4195 D-ADENOCARCINOMA,STOMACH
83180 4394 E-CARCINOMA,LUNG
83082 4296 E-LYMPMOSARCOMA,GENERALIZED
86020 5281 E-HEART,CHRONIC. INFARCTION

84122 4652 E-ASTROCYTOMA,BRAIN

150
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A.10 14 4 Ce in Fused Aluminosilicate Particles, Longevity Study (Series II) (coninued)

°... ..... ...

INHALATION EXPOSURE DO
DOG IDENTIFICATION --------------------- I.".B. I.L.8. ......
----------- ------- AGE WT ...... ........ ...................................... -----

TATTOO AN-EXPT SEX BLOCK DATE DAYS KG Mao/Kl' MSB RANK IJCI/KG UCI MBQ/KG MBS INITIAL D,S...... ...... ... . .. ..... -----.---. .----.---.-----.-- -------.--- ..------ .-- .---- .--- .--- ..... ..- .. .... .

2968 01-592 M A 69135 418 10.0 0.14 1.4 50 2.1 21. 0.078 0.78 0.12 0.1
466V 04-915 F J 71174 380 7.9 0.17 1.3 51 2.0 15. 0.074 0.55 0.11 0.1
313C 02-598 M C 69160 411 9.6 0.14 1.4 52 1.8 17. 0.067 0.63 0.10 0.A
304T 02-592 F 8 69135 401 7.8 0.093 0.70 53 1.6 12. 0.059 0.44 0.092 0.1
324V 03-638 F F 69210 402 7.2 0.14 1.0 54 1.5 11. 0.056 0.41 0.083 0.(,
331A 04-638 M E 69210 370 9.0 0.081 0.74 55 1.3 11. 0.048 0.41 0.073 o.r
4618 03-915 M I 71174 417 11.1 0.11 1.2 56 1.2 13. 0.044 0.48 0.071 0.A
467U 04-945 F L 71223 421 6.6 0.10 0.67 57 1.2 7.5 0.044 0.28 0.067 0.(

/ 477A 03-945 M K 71223 380 11.0 0.067 1.1 58 1.1 12. 0.041 0.44 0.066 0.(
329C 03-642 M E 69213 386 8.3 0.044 0.37 59 0.71 5.9 0.026 0.22 0.041 0.1
"4538 03-881 M G 71104 406 8.1 0.052 0.44 60 0.63 5.1 0.023 0.19 0.037 0.C
463S 02-915 F J 71174 410 10.4 0.028 0.30 61 0.53 5.5 0.020 0.20 0.037 0.C

* 452U 04-881 F N 71104 416 8.2 0.17 1.4 62 0.52 4.2 0.019 0.16 0.040 0.C
3145 04-597 F 0 69157 407 9.7 0.030 0.29 63 0.45 4.4 0.017 0.16 0.026 0.C
296U 02-591 F B 69134 417 8.4 0.030 0.25 64 0.", 3.7 0.016 0.14 0.024 O.C
"3138 03-597 M C 69157 408 10.1 0.041 0.41 65 0.37 3.7 0.014 0.14 0.021 O.C
461A 01-915 M I 71174 417 12.0 0.018 0.22 66 0.35 4.3 0.013 0.16 0.022 O.0
322V 02-638 F F 69210 409 6.4 0.026 0.16 67 0.32 2.0 0.012 0.074 0.019 0.0
476C 01-945 m K 71223 387 9.0 0.021 0.19 68 0.30 2.7 0.011 0.10 0.c18 0.0
471S 02-945 F L 71223 395 6.3 0.033 0.21 69 0.25 1.6 0.0093 0.059 0.014 0.0
297A 01-591 m A 69134 415 11.0 0.014 0.16 70 0.18 2.0 0.0067 0.074 0.011 0.0
453U 02-881 F H 71104 406 5.8 0.016 0.089 71 0.18 1.1 0.0067 0.041 0.011 0.0
4578 01-881 M G 71104 374 8.3 0.014 0.11 72 0.17 1.4 0.0063 0.352 0.011 0.0
472W 02-942 F L 71222 390 8.0 G.013 0.11 73 0.16 1.3 0.0059 0.048 0.0095 0.0
298U 02-590 F B 69129 407 9.4 0.013 0.13 74 0.12 1.2 0.0044 0.044 0.0071 0.0
462C 02-914 M 1 71173 409 9.0 0.0059 0.052 75 0.083 0.75 0.0031 0.028 0.0049 0.0
4768 01-942 M K 71222 386 8.5 0.0041 0.036 76 0.079 0.67 0.0029 0.025 0.0047 0.0.

* 303S 02-589 F 8 69128 398 8.9 0.0085 0.078 77 0.077 0.68 0.0028 0.025 0.0046 0.0
3081 01-597 F D 69157 412 10.1 0.0048 0.048 78 0.076 0.77 0.0028 0.028 0.0045 0.0
464S 01-914 F 1 71173 382 8.1 0.0044 0.037 79 0.062 0.50 0.0023 0.019 0.0037 0.0'
451T 04-880 F H 71103 415 8.0 0.0033 0.026 80 0.057 0.45 0.0021 0.017 0.0034 0.0
310A 02-597 M C 69157 430 11.5 0.0078 0.089 81 0.051 0.59 0.0019 0.022 0.0030 0.0O
304A 01-590 M A 69129 395 11.3 0.0056 0.063 82 0.01.4 0.50 0.0016 0.019 0.0026 0.0O
310U 03-596 F D 69156 429 8.0 0.011 0.089 83 0.041 0.33 0.0015 0.012 0.0024 0.0'
323T 05-636 F F 69209 386 8.4 0.0056 0.044 84 0.039 0.33 0.0014 0.012 0.0023 0.01

, 306A 01-589 M A 69128 389 9.5 0.0070 0.063 85 0.033 0.31 0.0012 0.011 0.0020 0.01
312A 04-596 M C 69156 406 11.0 0.0018 0.020 86 0.025 0.27 0.00092 0.010 0.0015 0.0(
472U 02-941 F L 71221 389 8.5 0.0013 0.011 87 0.020 0.17 0.00074 0.0063 0.0012 0.01
4658 01-912 M 1 71172 378 11.2 0.0015 0.017 88 0.018 0.20 0.00067 0.0074 0.0011 0.0(
4500 03-880 m G 71103 419 11.1 0.0025 0.027 89 0.018 0.20 0.00067 0.0074 0.0011 0.0(
327t 06-636 M E 692u9 383 8.7 0.0029 0.025 90 0.016 0.14 0.00059 0,0052 0.00095 O.0(
462S 02-912 F 1 71172 408 8.1 0.0015 0.012 91 0.014 0.11 0.00052 0.0041 0.00083 0.0(
327C 03-636 N E 69209 383 9.4 0.0023 0.021 92 0.0096 0.090 0.00036 0.0033 0.00057 0.0(
478C 01-941 M K 71221 376 8.9 0.00092 0.0081 93 0.00T2 0.081 0.00034 0.0030 0.00054 0.OC
324T 04-636 F F 69209 401 10.8 0.0020 0.021 94 0.0063 0.068 0.00023 0.0025 0.00037 O.0C
453A 01-880 M G 71103 405 9.0 0.00019 0.0017 95 0.0030 0.027 0.00011 0.0010 0.00018 O.OC

*-452T 02-880 F H 71103 415 9.4 0.00C07 0.0067 96 0.0024 0.023 0.000089 0.00085 0.00014 0.0C
303V 01-588 F 8 69127 397 7.5 C
3060 02-588 N A 69127 388 9.4 C
308T 02-596 F D 69156 411 9.3 C
3108 01-596 m C 69156 429 11.0 C
322U 02-636 F F 69209 408 6.8 C
3248 01-636 N E 69209 401 8.8 C
450A 01-878 M G 71099 415 11.8 C
452S 02-878 F H 71099 411 10.2 C
464U 02-911 F a 71169 378 8.9 C
4678 01-911 M I 71169 367 6.9 C
4778 01-940 N K 71218 375 8.7 C
479T 02-940 F L 71218 372 8.0 C

1UCI/KG REPRESENTS MICROCURIES OF RADIONUCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.
MBQ/KG REPRESENTS MEGABEQUERELS OF RADIONUCLIDE PER KILOGRAM OF TOTAL BOT WEIGHT.
DOSE RATE ANO CUMULATIVE DOSE ARE PRESENTED AS FUNCTIONS CO TIME IN DAYS AFTER INHALATION EXPOSURE.
+ INDICATES THE DOG DIED BEFORE IT RECEIVED ITS POTENTIAL INFINITE DOSE.
"COMMENT: 0, E, OR S INDICATE THE DOG DIED, WAS EUTXANIZED OR WAS SACRIFICED, RESPECTIVELY. PROMINENT FINDINGS ARE INCLU
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A.l1 144Ce in Fused Aluminosilicate Particles, Sacrife Study (Series 11, 111, IV)

/i

INHALATION EXPOSURE DOSE RATE (GY,.
DOG IDENTIFICATION -------------------- I.B.. I.L.B. ..........

-- . .AGE WT .............-................................ 60 120
TATTOO AN-EXPT SEX SER DATE DAYS KG MSQ/KG MBQ RANK UCl/KG UCI MBQ/KG MNQ INITIAL DAYS DAYS I
o.. ........... o ... ... ...... ...... ...... . .... ... . .... ... --- ..... ..... .o...... .... .... .

541S 01-999 F 11 72103 395 7.9 5.2 41. 01 71 560 2.6 21. 4.1 3.1 2.3
520A 02-998 M 11 72102 427 11.0 4.8 52. 02 66 720 2.4 27. 3.7 2.8 2.1
530C 04-1007 M If 72115 417 9.2 5.2 48. 03 64 590 2.4 22. 3.7 2.6 2.1
5308 01-1002 M II 72109 411 9.5 3.4 32. 04 60 560 2.2 21. 3.4 2.2
525W 01-1004 F II 72111 428 7.3 4.1 30. 05 58 420 2.1 16. 3.4 2.5 1.9
527A 03-1007 M II 72115 418 9.2 2.9 27. 06 54 500 2.0 19. 3.1 2.1 1.6
521T 03-998 F 11 72102 426 8.7 3.4 30. 07 52 450 1.9 17. 3.1 2.4 1.8
526A 01-1001 M II 72108 416 7.5 3,6 27. 08 52 '390 1.9 14. 3.0 2.0
5266 02-1000 M II 72104 412 5.8 4.4 25. 09 52 300 1.9 11. 3.1 2.2 1.6
526S 01-1007 F II 72115 423 6.6 3.7 25. 10 51 330 1.9 12. 2.9 2.1
525T 02-1003 F 11 72110 427 8.8 4.1 37. 11 48 420 1.8 16. 2.9 2.1 1.6
522T 03-1003 F 1I 72110 43Z 8.0 5.2 41. 12 48 380 1.8 14. 2.9 2.1 1.6
525U 02-1004 F 11 72111 428 9.1 3.3 30. 13 46 420 1.7 16. 2.8 1.9 1.4
539A 03-997 M I[ 72101 394 9.3 4.4 41. 14 41 380 1.5 14. 2.4 1.8 1.3
530A 04-998 M 11 72102 404 11.5 3.1 35. 15 39 450 1.4 17. 2.3 1.8 1.3
541U 01-1000 F I1 72104 396 7.9 2.3 18. 16 35 280 1.3 10. 2.1 1.4 1.1
535C 03-1000 M 1I 72104 399 7.7 2.6 20. 17 34 260 1.3 9.6 2.0 1.4 1.1
5390 04-1000 M It 72104 397 7.9 1.9 15. 18 33 260 1.2 9.6 1.9 1.4 1.0
"522U 01-998 F it 72102 424 7.8 3.4 27. 19 33 250 1.2 9,3 1.9 1.4 0.99
526C 02-997 M I 72101 409 6.9 2.5 17. 20 33 230 1.2 8.5 1.9 1.3 0.96
519S 04-1004 F 11 72111 439 8.3 2.7 23. 21 32 270 1.2 10. 1.9 1,4 1.0
524S 02-1001 F II 72108 425 6.7 2.0 14. 22 32 210 1.2 7.8 1.9 1.3 1.u
522S 04-997 F 11 72101 423 8.7 2.9 25. 23 31 270 1.1 10. 1.8 1.4 1.1
5278 02-1002 M I 72109 412 9.3 2.1 19. 24 31 290 1.1 11. 1.8 1.3 0.95
532U 02-1007 F 11 72115 413 7.8 1.6 12. 25 31 240 1.1 8.9 1.8 1.3 0.98
5218 03-999 M I 72103 427 7.6 3.1 24. 26 30 230 1.1 8.5 1.7 1.3 1.0
536T 03-1001 F It 72108 403 7.6 2.4 19. 27 29 220 1.1 8.1 1.7 1.2 0.88
519T 03-1004 F !1 72111 439 8.7 3.4 29. 28 28 240 1.0 8.9 1.7 1.2
5270 01-997 M it 72101 404 7.9 1.7 14. 29 27 220 1.0 8.1 1.6 1.2 0.90
519A 03-1002 N 11 72109 437 8.6 4.1 35. 30 27 230 1.0 8.5 1.6 1.2 0.87
"5ýJg 04-1003 M I1 72110 435 11.9 6.7 78. 31 26 310 0.96 11. 1.6 1.2 0.85
523T 02-1008 F 11 72116 435 6.0 1.7 10. 32 26 150 0.96 5.5 1.5 0.99 0.73
5,3C 04-1004 M It 72109 399 7.6 1.6 12. 33 26 190 0.96 7.0 1.5 1.1 0.84
520S 01-1003 F 11 72110 435 6.7 2.5 17. 34 24 160 0.89 5.9 1.5 1.1 0.82
5260 02-999 M It 72103 411 5.5 1.9 10. 35 16 86 0.59 3.2 0.94 0.68 0.51
541A 05-1000 M II 72104 396 8.3 1.0 8.5 36 16 140 0.59 5.2 0.92 0.67 0.51
538S 04-1001 F II 72108 402 6.7 0.89 5.9 37 14 95 0.52 3.5 0.83 0.57 0.42
533T 01-1008 F it 72116 413 5.9 0.74 4,4 38 14 81 0.52 3.0 0.79 0.56 0.41
523S 01-995 F It 72097 416 8.8 C
533A 03-995 M I1 72097 394 8.3 C
5388 02-995 M II 72097 391 9.3 C
540T 05-995 F 11 72097 389 5.7 C
542A 06-995 N II 72097 388 9.1 C
542S 04-995 F II 72097 388 8.2 C
5215 06-996 F UI 72098 422 8.6 C
522A 03-996 M II 72098 420 8.7 C
522V 01-996 F 11 72098 420 7.8 C

ci:
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BETA RADIATION DOSE TO LUNG
•__ ..... . =,• -°..... ................ ................. .............. ........... .....

DOSE RATE (GY/DAY) CUMULATIVE DOSE (GY)
.°. ......... ................. ..... °°.......°... °.....................

60 120 365 AT 60 120 365 POTENT. TO DEATH DAYS TO
-Q INITIAL DAYS DAYS DAYS DEATH DAYS DAYS DAYS INFIN. DEATH DATE DEATH COMMENT
- - -.-- -..... ....-.... . ...... . .....-- --- - --.......... .. ..-----------..-.................--..............--------.......

"" 4.. 3.1 2.3 2.2 210 370 850+ 390 72231 128 S-PULMONARY INJURY
- 3.7 2.8 2.1 1.5 190 340 770+ 450 72283 181 S-PULMONARY INJURY

3.7 2.6 2.1 1.3 190 330 990+ 550 73005 256 S°PULMONARY INJURY
3.4 2.2 1.9 170 870+ 210 72189 80 S-PULMONARY INJURY
3.4 2.5 1.9 1.4 180 310 700+ 400 72290 179 S-PULMONARY INJURY

, 3.1 2.1 1.6 0.99 150 260 750+ 420 73003 254 E-PULMONARY INJURY
,,3.1 2.4 1.8 1.7 160 290 680+ 300 72230 128 S-PULMONARY INJURY
- ,3.0 2.0 1.7 150 750+ 190 72189 81 S-PULMONARY INJURY

3.1 2.2 1.6 1.1 160 270 550+ 350 72234 180 S-PULMONARY INJURY
2.9 ?.1 1.9 150 740+ 190 72196 81 S-PULMONARY INJURY
?.9 '1 1.6 1.5 150 260 580+ 280 72241 131 S-PULMONARY INJURY

9 2.1 i.6 0.99 150 260 760. 430 73002 258 S-PULMONARY INJURY". " 1.9 1.4 .53 0.27 140 240 450 610+ 530 73316 571 E-PULMONARY INJURY
.2.4 1.8 1.3 .48 0.28 120 220 410 560+ 470 73249 514 S-PULMONARY INJURY
* 2.7 1.8 1.3 0.62 120 220 510+ 370 73025 289 O-PULMONARY INJURY

2.1 1.4 1.1 .40 0.026 100 180 340 450 450 75101 1093 S-PULMONARY INJURY
.6 2.2 1.4 1.1 .44 0.14 99 170 340 470+ 430 74056 683 D-PULMONARY INJURY
.6 1.9 1.4 1.0 .39 0.099 96 170 330 430 410 74113 740 S-PULMONARY INJURY
".3 1.9 1.4 0.99 0.94 96 170 350+ 170 72230 128 S-PULMONARY INJURY
.5 1.9 1.3 0.96 .35 0.19 94 160 310 400+ 350 73250 515 S-PULMONARY INJURY

- . 1.9 1.4 1.0 .38 0.025 98 170 330 430 430 75106 1091 S-PULMCNARY INJURY
..8 1.9 1.3 1.0 .42 0.059 93 160 330 450+ 430 74294 917 S-PULMONARY INJURY

1. 1 .4 1.1 0.57 95 170 400+ 280 72357 256 S-PULMONARY INJURY
1.8 1.3 0.95 .33 0.0046 92 160 300 390 390 76153 1505 0-HEMANGIOSARCOtA,LUNG

.9 1.8 1.3 0.98 .36 91 160 310 410 410 78145 2222 E-MEMANGIOSARCOMA,HEART

.5 1.7 1.3 1.0 .39 0.028 92 160 320 430 430 75106 1099 S-KEMANGIOSARCOMA,LUNG
-.1 1.7 1.2 0.88 0.50 86 150 390+ 240 73002 260 S-PULMONARY INJURY

"" .9 1.7 1.2 0.86 86 330+ 160 72241 130 S-PULM04ARY INJURY
1. 1.6 1.2 0.90 .36 0.22 84 150 290 410+ 330 73257 522 D-PULMONARY INJURY

.5 1.6 1.2 0.87 .33 0.042 81 140 280 370+ 350 74295 917 S-PULMONARY INJURY
1.6 1.2 0.85 .29 0.054 82 140 270 360+ 3.0 74267 888 O-PULMONARY INJURY

-5 1.5 0.99 0.73 .29 0.17 73 1-0 240 320+ 270 73264 514 S-PULMONARY INJURY
0 1.5 1.1 0.84 .34 78 140 270 360 360 80144 2957 E-HEMANGIOSARCOMA,LUNG
9 1.5 1.1 0.82 .31 0.073 76 130 260 340+ 320 74114 7T-5 S-PULMONARY INJURY

.2 0.94 0.68 0.51 .20 0.052 48 83 160 220+ 200 74114 742 S-PULMONARY INJURY".2 0.92 0.67 0.51 .19 0.052 47 82 160 220+ 200 74113 740 S-PULMONARY INJURY
5 0.83 0.57 0.42 .16 41 71 140 130 180 84350 4625 D-CARCINOMA.LUNG
0 0.79 0.56 0.41 .16 40 69 130 180 180 82303 3840 0-INTERSTITIAL PNEUMONIA

72354 257 S-NORMAL
72224 127 S-NORMAL
86171 5188 E-ENTER4TIS
83298 4219 D-PULMONARY THROMBOSIS
"74108 742 S-NORMAL
85316 4968 E-NEPHROSCLEROSIS
"86122 5138 E-LYMPHOSARCcMA, GENERALIZED
79104 2563 D-MYOCARDIAL INFARCT
75104 1102 S-NORMAL
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A.11 144Ce in Fused Aluminosilicate Particles, Sacrifice Study (Series It, III, IV) (continued)

BETA RAO!ATIC

INHALATION EXPOSURE DOSE RATE (GY/DAY)
DOG IDENTIFICATION --------------------- -I.B.. I.L.B. --------------------------------

"------------------ AGE WT .............--------------------------------- 60 120 365 AT
TATTOO AN-EXPT SEX SER DATE DAtS KG MBQ/KG MBO RANK UCI/KG UCI MBQ/KG MSO INITIAL DAYS DAYS DAYS DEATH
- - - -------... --.. ... ..... . ........ . . .... .....--- .... ...... ... ...... .....-- ....... .... .... .... .......--

530S 05-996 F I1 72098 400 8.6 C
5408 04-996 M It 7209S 390 8.0 C
5478 02-996 M 1! 72098 378 10.4 C
538A 03-1016 M I 72137 428 9.1 3.5 32. 01 69 630 2.6 23. 3.8 2.9 2.2 1.4
540U 01-1013 F I11 72132 424 6.6 5.5 37. 02 59 390 2.2 14. 3.4 2.6 1.9 1.3
535T 01-1015 F I 72136 431 6.3 9.3 59. 03 50 320 1.9 12. 2.6 1.8 1.3 0.65
5358 03-1019 M I 72144 438 7.8 5.2 41. 04 50 390 1.9 14. 2.9 2.2 1.7 1.6
540S 04-1019 F I 72144 435 6.5 8.1 52. 05 50 320 1.9 12. 2.7 2.1 1.6 1.4
5390 02-1014 M I 72133 426 8.6 3.5 30. 06 48 410 1.8 15. 2.7 2.0 1.5 0.51
542C 03-1014 M I11 72133 424 7.8 4.8 37. 07 48 380 1.8 14. 2.2 1.5 1.1 .39 0.042
"547C 02-1015 M 11 72136 416 9.9 2.8 28. 08 25 340 0.93 13. 2.0 1.4 1.1 .42 0.039
535A 01-1019 M 11 72144 438 7.9 3.7 30. 09 34 270 1.3 10. 1.9 1.4 1.0 0.92
547T 04-1014 F I 72133 413 7.1 3.1 22. 10 32 230 1.2 8,5 1.8 1.2 0.93 .37

" 544T 02-1019 F I11 72144 432 7.4 3.7 28. 11 32 230 1.2 8.5 1.8 1.3 0.95 0.84
530T 04-1016 F I11 72137 439 10.2 2.7 27. 12 29 300 1.1 11. 1.6 1.2 0.92 .38 0.17
527C 06-1017 M I11 72140 443 10.2 C
541W 04-1017 F I 72140 432 8.7 C
544U 05-1017 F I 72140 429 7.0 C
5470 01-1017 M I 72140 420 7.3 C
539C 01-1018 M I 72143 436 8.5 C
541T 02-1018 F I11 72143 435 8.4 C
5397 03-1013 F IV 72132 425 8.6 4.4 37. 01 41 350 1.5 13. 2.2 1.8 1.4 .57 0.56
543A 04-1013 m IV 72132 422 10.8 3.1 34. 02 33 250 1.2 9.3 1.9 1.4 1.1 .39 0.065
541V 02-1016 F IV 72137 429 7.8 2.6 20. 03 33 260 1.2 9.6 1.9 1.3 1.0 .41 0.016
5428 01-1016 M IV 72137 428 9.7 4.1 41. 04 32 320 1.2 12. 1.9 1.2 0.83 .32
543B 01-1014 M IV 72133 423 9.2 1.6 15. 05 31 290 1.1 11. 1.8 1.3 0.94 .33

543S 02-1013 F IV 72132 422 9.2 3.7 35. 06 29 270 1.1 10. 1.5 1.1 0.87 .34 0.016
"530U 03-1017 F IV 72140 442 8.5 C
538C 07-1017 M IV 72140 434 7.5 C
539S 02-1017 F IV 72140 433 7.6 C

* UCI/KG REPRESENTS MICROCURIES OF RADIONUCLIDE PER KILOGRAM OF TOTAL BOOY WEIGHT.
MBQ/KG REPRESENTS MEGABEQUERELS OF RADIONUCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.
DOSE RATE AND CUMULATIVE DOSE ARE PRESENTED AS FUNCTIONS OF TIME IN DAYS AFTER INHALATION EXPOSURE.
+ INDICATES THE DOG DIED BEFORE IT RECEIVED ITS POTENTIAL INFINITE DOSE.
COMMENT: 0, E, OR S INDICATE THE DOG DIED, WAS EUTHANIZED OR WAS SACRIFICED, RESPECTIVELY. PROMINENT FINDINGS ARE INCLUDED.

S. .-



BETA RADIATION DOSE TO LUNG

DOSE RATE (GY/DAY) CUMULATIVE DOSE (GY)

.. . . . .. . . .. . . . . . . . --- -- -- -- -- --- -- -- -- --

60 120 365 AT 60 120 365 POTENT. TO DEATH DAYS TO
V INITIAL DAYS DAYS DAYS DEATH DAYS DAYS DAYS INFIN. DEATH DATE DEATH COMMENT

.. . . . . . . . . . . ...... .... .... ....... ..... ..... - - --........................................

75014 1012 S-NORMAL
74108 741 S-NORMAL
85031 4682 E-ADENOCARCINOMA,PROSTATE

3.8 2.9 2.2 1.4 200 350 820+ 520 72350 213 S-PULMONARY INJURY
",3.4 2.6 1.9 1. 180 310 720+ 430 72329 197 0-PULMONARY INJURY
2.6 1.8 1.3 0.65 130 220 620+ 410 73089 319 S-PULMONARY INJURY
2.9 2.2 1.7 1.6 150 270 670+ 310 72286 142 S-PULMONARY INJURY
2.7 2.1 1.6 1.4 140 250 600+ 290 72286 142 S-PULMONARY INJUk':
2.7 2.0 1.5 0.51 140 250 590+ 460 73124 357 S-PULMONARY INJURY
2.2 1.5 1.1 .39 0.042 110 180 350 450 450 75012 975 D-PULMONARY INJURY
2.0 1.4 1.1 .42 0.039 99 170 340 440 440 75035 995 E-PULMONARY INJURY
1.9 1.4 1.0 0.92 97 170 380+ 190 72287 143 S-PULMONARY INJURY
1.8 1.2 0.93 .37 90 150 300 400 400 76334 1662 D-PULMONARY INJURY
1.8 1.3 0.95 0.84 92 160 340+ 180 72287 143 S-PULMONARY INJURY
1.6 1.2 0.92 .38 0.17 84 150 290 410+ 360 74018 612 S-PULMONARY INJURY

76345 1666 S-HEPATIC ATROPHY AND FIBROSIS
72350 210 S-NORMAL
75043 999 S-NORMAL
73127 353 S-NORMAL
72292 149 S-NORMAL
72290 147 S-NORMAL

2.2 1.8 1.4 .57 0.56 120 210 440 590+ 440 73133 367 D-PULMONARY INJURY
1.9 1.4 1.1 .39 0.065 98 170 330 450. 420 74297 896 E-PULMCNARY INJURY
1.9 1.3 1.0 .41 0.016 94 160 320 440+ 430 75316 1275 0-PULMONARY INJURY
1.9 1.2 0.83 .32 88 150 280 360 360 81068 3219 E-CARCINOMA,LUNG
1.8 1.3 0.94 .33 91 160 300 390 390 78096 2155 0-PULMONARY INJURY
"i.5 1.1 0.87 .34 0.016 80 140 280 370 370 75226 1190 E-PULMONARY INJURY

87224 5563 E-CRONIC RENAL DISEASE; B.A. CARC.,LUNG
86248 5222 E-NEPHROSCLEROSIS
76122 1443 E-ASPIRATION PNEUMONIA

EXPOSURE.

PROMINENT FINDINGS ARE INCLUDED.
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A.12 14JCe in Fused Aluminosilicate Particles, Immature Longevity Study

INHALATION EXPOSURE DOSE RATE (G'
DOG ICENTIFICATION ---------------------- - 1..B. I.L.B. ....................S. ".................. AGE WT ................ ........................................ 60 I

TATTOO AN-EXPT SEX BLOCK DATE DAYS KG MBQ/KG M80 RANK UCI/KG UCI MB6/KG MBQ INITIAL DAYS IS....... •....... ..... ..... .... .... ........ ......- ----- .... ... - .... . ....... ........ ....... . ...... . ........ ...

1022U 03-1922 F 0 76239 94 3.5 13. 44. 01 140. 480. 5.2 18. 6.1 2.3
675S 02-1136 F 8 73033 92 2.5 11. 28. 02 120. 310. 4.4 11. 5.2 2.2
671C 03-1132 m C 73030 95 3.8 7.0 27. 03 84. 320. 3.1 12. 3.6 1.6
1027S 02-1925 F D 76247 86 2.9 11. 32. 04 79. 230. 2.9 8.5 3.4 1.1 .23
10240 01-1922 M E 76239 86 3.7 5.5 20. 05 74. 270. 2.7 10. 3.2 1.0 .27
6730 03-1136 M C 73033 95 2.2 10. 21. 06 73. 160. 2.7 5.9 3.2 0.86
673C 01-1136 M C 73033 95 2.1 7.0 14. 07 70. 140. 2.6 5.2 3.0 0.80 .21
672S 01-1133 F 8 73031 94 3.6 7.4 26. 08 64. 230. 2.4 8.5 2.8 0.96 .2d
1026A 01-1925 m E 76247 88 3.4 8.1 27. 09 53. 180. 2.0 6.7 2.3 0.84 .;6
6728 03-1133 M C 73031 94 3.4 9.6 33. 10 52. 180. 1.9 6.7 2.3 0.76 .21
672C 02-1133 M C 73031 94 3.2 5.5 18. 11 48. 150. 1.8 5.5 2.1 0.69 .18
629A 01-1055 M A 72221 92 2.8 10. 28. 12 38. 100. 1.4 3.7 1.6 0.63 .11
1019A 02-1921 M E 76232 91 3.5 7.8 27. 13 38. 130. 1.4 4.8 1.6 0.56 .14
10337 02-1927 F 0 76267 89 2.6 4.4 11. 14 37. 95. 1.4 3.5 1.5 0.51 .10
1022S 02-1919 F D 76231 86 3.2 3.0 9.3 15 34. 110. 1.3 4.1 1.6 0.56 .10
675T 02-1137 F 8 73036 95 3.4 5.9 20. 16 28. 92. 1.0 3.4 1.2 0.43 .13
627B 03-1054 M A 72220 94 3.5 2.0 7.0 17 24. 85. 0.89 3.1 1.0 0.50 .09
673S 01-1135 F B 73032 94 2.1 1.9 3.7 18 21. 42. 0.78 1.6 0.91 0.28 .07
1021V 01-1921 F 0 76232 88 3.3 1.3 4.4 19 18. 58. 0.67 2.1 0.78 0.25 .05
673A 02-1132 M C 73030 92 2.9 6.3 17. 20 16. 44. 0.59 1.6 0.69 0.19 .05
672A 01-1132 M C 73030 93 3.5 1.9 6.7 21 12. 41. 0.44 1.5 0.52 0.17 .04
10336 01-1927 H E 76267 89 3.0 1.1 3.4 22 12. 35. 0.44 1.3 0.52 0.18 .03
671S 02-1131 F 8 73029 94 2.8 1.3 3.7 23 11. 30. 0.41 1.1 0.48 0.14 .03;
6308 02-1054 m A 72220 88 2.8 2.6 7.4 24 9.3 26. 0.34 0.96 0.40 0.16 .OZ
1023S 03-1919 F D 76231 86 2.4 0.44 1.0 25 6.7 16. 0.25 0.59 0.29 0.094 .01'
630A 01-1054 M A 72220 88 3.8 0.55 2.1 26 6.0 23. 0.22 0.85 0.26 0.12 .02,
6758 04-1131 M C 773029 88 2.7 0.67 1.8 27 5.0 13. 0.19 0.48 0.22 0.060 .01l
10168 01-1919 m E 76231 97 3.3 0.89 2.9 28 4.9 16. 0.18 0.59 0.21 0.078 .01t
673T 03-1131 F 8 73029 91 1.7 0.70 1.2 29 3.2 5.4 0.12 0.20 0.14 0.033 .001
6240 04-1048 M A 72209 90 2.7 0.31 0.81 30 3.1 8.1 0.11 0.30 0.13 0.051 .001
6718 03-1130 m C 73026 91 3.0 0.14 0.52 31 1.6 5.9 0.059 0.22 0.069 0.023 .00(
10178 04-1918 m E 76230 95 4.0 0.16 0.63 32 1.4 5.4 0.052 0.20 0.061 0.022 .00!
1018U 03-1918 F 0 76230 95 4.0 0.067 0.27 33 1.0 4.1 0.037 0.15 0.043 0.020 .004
674T 01-1131 F 8 73029 88 2.1 0.17 0.35 34 0.87 1.8 0.032 0.067 0.038 0.0087 .001
1021T 02-1918 F 0 76230 86 3.0 0.056 0.17 35 0.71 2.1 0.026 0.078 0.031 0.0091 .00;
623A 03- I48 M A 72209 91 4.0 0.063 0.24 36 0.28 1.1 0.010 0.041 0.012 0.0063 .001
10188 01-1918 M E 76230 95 3.8 0.0078 0.034 37 0.19 0.72 0.0070 0.027 0.0082 0.0027 .00(
669U 03-1125 F B 73019 84 3.0 0.056 0.16 38 0.17 0.50 0.0063 0.019 0.0074 0.0023 .00(
668A 02-1125 M C 73019 93 3.2 0.052 0.16 39 0.14 0.43 0.0052 0.016 0.0061 0.0019 .000
1017S 01-1915 F D 76229 94 3.2 0.011 0.035 40 0.12 0.38 0.0044 0.014 0.0052 0.0016 .DOC.
671A 02-1130 M C 73026 91 2.7 0.036 0.096 41 0.089 0.24 0.0033 0.0089 0.0039 0.0012 .DO(
6240 02-1048 m A 72209 90 2.9 0.048 0.14 42 0.061 0.18 0.0023 0,0067 0.0027 0.00084 .DOC
1021A 03-1921 M E 76232 88 3.9 0.018 0.070 43 0.051 0.20 0.0019 0.0074 0.0022 0.00069 .DOC
6705 01-1125 F a 73019 89 1.7 0.048 0.081 44 0.024 0.040 0.00089 0.0015 0.0010 0.00033 .DOC
624A 01-1048 m A 72209 90 4.0 0.031 0.12 45 0.013 0.050 0.00048 0.0018 0.00055 0.00017 .OC
1033A 02-1926 M E 76266 88 2.9 0.017 0.0048 46 0.011 0.032 0.00041 0.0012 0.00048 0.00015 .0O0
1034U 01-1926 F D 76266 85 2.8 0.0022 0.0059 47 0.0090 0.024 0.00032 0.00090 0.00038 0.00012 .OC.
6710 01-1130 M C 73026 91 2.9 0.024 0.067 48 0.0060 0.016 0.00022 0.00060 0.00026 0.000070 .000
669V 03-1124 F B 73018 90 2.6 0.032 0.081 49 0.0040 0.010 0.00015 0,00040 0.00017 0.000050 .000
6238 01-1046 M A 72208 90 3.5 C
6688 01-1124 M C 73018 92 3.1 C
669S 02-1124 F 8 73018 90 3.4 C
1013S 02-1913 F D 76223 96 2.7 C
1016A 01-1913 M E 76223 89 3.4 C

UCI/KG REPRESENTS AICR0CURIES OF RADIONUCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.
-MBO/KG REPRESENTS MEGABEQUERELS OF RADIONUCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.
DOSE RATE AND CUMULATIVE DOSE ARE PRESENTED AS FUNCTIONS OF TIME IN DAYS AFTER INHALATION E)'POSURE.
4 INDICATES THE DOG DI00 BEFORE IT RECEIVEO ITS POTENTIAL INFINITE DOSE.
COMMENT: 0, E, OR 3 INDICATE THE DOG DIED, V:AS EUTHANIZED OR WAS SACRIFICED, RESPECTIVELY. PROMINENT FINDINGS ARE INCLUDED.
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BETA RADIATION DOSE TO LUNG

OSE PATE (GY/DAY) CUMULATIVE DOSE (GY) DAYS

60 365 AT 60 365 POTENT. TO DEATH TO 9-30 TO
DAYS DWYS DEATH DAYS DAYS INFIN. DEATH DATE 1991 DEATH COMMENT.

-----.-.......-....... .............. . .--------------........ -..-.. ..... --........................... ...................

"2.3 1.6 210. 550. + 270. 76330 91 D-PULMONARY INJURY

2.2 1.4 190. 800. + 250. 73128 95 D-PULMONARY INJURY; CONG.HEART FAIL.
1.6 1.3 140. 490. + 210. 73151 121 0-PULMONARY INJURY; CONG.HEART FAIL.
1.1 .23 C.053 110. 260. 320. + 300. 78254 738 D-HEMANGIOSARCOMA,LUNG
1.0 .27 0.073 100. 260. 330. + 310. 7820' 700 E-HEMANGIOSARCOMA,LUNG

3.86 0.78 100. 150. + 110. 73099 66 D-PULMONARY INJURY; CONG.HEART FAIL.
3.80 .21 0.13 92. 210. 27C. + 240. 74179 511 D-PULMONARY INJURY
3.96 .26 0.090 88. 250. 310. + 290. 74355 689 E-HEMANGIOSARCCMA,LUNG
).84 .16 82. 190. 230. 230. 80100 1314 E-HEMANGIOSARCOMA,LUNG

).?6. .21 0.081 78. 200. 250. + 230. 74284 618 E-HEMANGIOSARCOMA,LUNG
* ).69 .18 0.0044 72. 180. 220. 220. 77302 1732 D-HEMANGIOSARCCMA,SPLEEN

%63 .11 59. 130. 160. 160. 79330 2666 E-HEMANGIOSARCOMA,MUSCLE
).56 .14 50. 130. 180. 180. 80184 1413 D-HEMANGIOSARCOMA,TELN
).51 .10 50. 120. 140. 140. 86266 3652 E-CARCINOMA,LUNG;HEMANG0OSARCOMA,LU•!G
).56 .10 55. 120. 150. 150. 84196 2887 D-PLEURITIS,NOCARDIA
).43 .13 0.0052 40. 110. 150. 150. 76168 1227 E-HEMANGIOSARCCMA,TBLN.
).50 .095 46. 110. 130. 130. 79004 2341 E-HEMANGIOSARCCMA,DISSEMINATED
3).c

8  .072 30. 72. 91. 91. 86125 4841 E-CARCIN0MA,ANAL SAC
).25 .051 25. 58. 71. 71. 84123 2813 E-HEMANGIOSARCOMA,TBLN;B.A. CARC.,LUNG
).19 .055 21. 53. 67. 67. 82069 3326 E-LYMP"OSARC.,GENERAL;ADENDOCARC.,LUNG
•.17 .017 0.0025 17. 45. 57. 57. 77089 1520 D-EPILEPSY; HYPOTHRYRC:DISM

j.18 .037 17. 41. 51. 51. 84117 2772 E-HEMANGIOSARCOf4A,T8LN
'.14 .038 14. 36. 46. 46. 84278 4266 E-CARCINOMA,LUNG
").16 .025 15. 33. 40. 40. 85145 4674 D-CARCINOMA,LUNG
..094 .019 9.0 21. 27. 27. 86175 3597 E-CARCINOMA,LUNG
.12 .024 11. 27. 33. 33. 87128 5387 E-CARCINOMA,NASAL
.060 .015 7.0 15. 19. 19. 83212 3835 O-PANCREATIC ATROPHY
.078 .014 6.9 17. 20. 5521
.033 .0087 3.3 8.1 11. 11. 85361 4715 D-INTERSTITIAL PNEUMONIA

".051 .0089 4.7 11. 13. 13. 87026 5296 E-MELANOMAORAL
.023 .0065 2.5 6.3 8.0 8.0 89114 5932 E-MESOTHELIOMA,PULMONAXY CARCINOMA
.022 .0054 1.9 5.2 6.6 6.6 90141 5025 E-TRANSITIOAL CELL CARCINOMA,PROSTATE

.020 .0049 1.7 4.5 6.5 6.5 91141 5390 0-INTERSTITIAL NEPHRITIS

.0087 .0023 1.0 2.4 2.9 2.9 89090 5905 E-PAPILLARY ADENOCARC:NOMA,LUNG

.0091 .0020 0.89 2.1 2.7 2.7 89095 4614 E-MAMMARY CCMPLEX ADENOCARCINOMA

.0063 .0011 0.50 1.3 1.6 1.6 88007 5642 E-HEART BASE TUMOR,HEART

.0027 .00090 0.23 0.67 0.98 0.98 84313 3005 D-FOCAL PNEUMONIA

.0023 .00058 0.24 0.58 0.74 0.74 84291 4289 E-LYMPHOSARCOMAVISCERAL

.0019 .00046 0.19 0.46 0.59 0.59 88343 5802 E-CORONARY, PULMONARY THROMBOSES

.0016 .00040 0.17 0.40 0.51 0.51 88243 4397 E-OEGENERATIVE MYOPATHY,ESOPHAGUS

.0012 .00030 0.13 0.30 0.38 0.38 84163 4154 D-IMPACTION,GALL BLADDER

.00084 .00021 0.088 0.21 0.27 0.27 81191 3270 E-POLIOENCEPMALOMALACIA, SPINAL CORD

.00069 .00017 0.072 0.17 0.22 0.22 86244 3665 D-LEIOMYOSARCOMA, INTESTINE

.00033 .000082 0.034 0.083 0.11 0.11 87012 5106 E-CHRONIC INTERSTITIAL NEPHRITIS

.00017 .C00042 0.018 0.043 0.054 0.054 85225 4765 E-CIRRHOSIS,LIVER

.00015 .000037 0.015 0.044 0.047 0.047 86283 3670 D-FNEUMONIA

.00012 .000029 0.012 0.029 0.037 0.037 90233 5081 E-ADENOCARCINOMA, MAPMARY GLAND

.000070 .000019 0.0080 0.019 0.024 0.024 88061 5513 E-MALIGNANT MELANOMA,ORAL CAVITY
".000050 .r00013 0.0060 0.013 0.017 0.017 87242 5338 D-PNEUMONIA

"" 84027 4202 E-HEART FAILURE
87267 5362 D-HEART FAILURE
84214 4213 E-LYMPHOSARCCMA,GENERALIZED
M8720 4015 0-ENDOCARDITIS

80140 1373 E-VERTEBRAL DISC RUPTURE

S; I NCLUDEED.

1553

S/



A.13 l'Ce in Fused Aluminosilikate Partiles, Immature Sacrifice Study

BETA R.
o..... ......... .. °..... ...

INHALATION EXPOSURE DOSE RATE (GY/OAY)
DOG IDENTIFICATION ................... . 1.8.9 I.L.B. .........................

A.................. AGE WT ............. ........................ 60 120 365
TATTOO AN-EXPT SOX DATE DAYS KG MBO/KG M80 UCI/K4 UCI MBO/KG MBO INITIAL DAYS DAYS DAYS
....... ...... . ° ... .. ... . ... .. .. .... ... .. .... ... ... oo ... ... ... .... .... .. .. ....

172T 04-1132 F 73030 93 3.0 5.2 15. 46 140 1.7 5.2 2.2 .63 .39 .15
6299 03-1055 M 72221 92 2.7 10. 27. 43 120 1.6 4.4 1.7 .88 .46
673U 01-1137 F 73036 ;8 1.? 5.2 8.9 37 62 1.4 2.3 1.2 .42
631S 03-1063 F 72228 91 1.8 1.4 2.4 11 19 0.,41 0.7 0.48 .17 .10 .035

***b4tt**.~t**•t•**.*.f .*o

UCI/AG REPRESENTS MICRCCURIES OF RADIONUCLIDE PER KILOGRAM OF TOTAL 90OY WEIGHT.
MaBoIKG REPRESENTS MEGASEQUEPELS OF RADIONUCLIDE PER KILOCRAM OF TOTAL BOcy WEIGHT.
DOSE RATE AND CUPULAIIVE DOSE ARE PRESENTED AS FUNCTIONS OF TIME IN DAYS AFTER INHALATION EXPOSURE.
* INDICATES THE DOG O&EO BEFORE IT RECEIVED ITS POTENTIAL INFINITE DOSE.
COOMENT: D, E, OR S INDICATE THE DCG DIED, WAS EUTHANIZED OR WAS SACRIFICED, RESPECTIVELY. PROMINENT FINDIN



BETA RADIATION DOSE TO LUNG

DOSE RATE (GY/DAY) CUMUULATIVE DOSE (GY)
.. °. °.................. ....... ... ... ............................

60 120 365 AT 60 120 365 POTENT. Tn) DEATH DAYS TO
JITIAL OAYS DAYS DAYS DEATH DAYS DAYS DAYS INFIN. DEATH CATE DEATH C0t4ENT
...... . ... . ... . ..... ... .. .. .. .. .. .. .o •...... ..... ..... ....... ... .......................... .

2.2 .63 .39 .15 .084 69 98 160 200+ 170 74179 514 S-PULPMCOARY INJURY
1.7 .88 .46 .42 75 110 160. 120' 72350 129 S-'.2 ,42 ,29 44 130. 51 73117 81 S

.48 . 17 ,•0 .035 16 24 38 38 38 P2258 3241 S

.ATION EXPOSURE.

'IVELY. PROMINENT FINDINGS ARE INCLUDED.
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A.14 144Ce in Fused Aluminosilkate Particles, Aged Longevity Study

E
.°....... .............

INHALATION EXPOSURE DOSE RATE (GY
DOG IDENTIFICATION --------------------- 1.S. I.L.B. .....................
.................... AGE W ............ ................................ 60 120
TATTOO AN-EXPT SEX BLOCK DATE DAYS KG MBC/KG MOO RANK UCI/KG UCI MBC/KG M30 INITIAL DAYS DAYS
..... ° ...... °. .. .. ... ..... .... ° ° .. .. .... .. .. .. . °... ... .. . ... ... ... . ... ..... .. ... .....

FD-49 02-982 F 8 72040 3748 9.5 5.5 52. 01 75. 710 2.8 26. 4.4 3.0 2.2
FD-40 02-991 F E 72055 3565 12.0 6.3 74. 02 67. 800 2.5 30. 4.0 3.2 2.5
FD-98 01-987 F C 72046 3636 10.9 3.7 41. 03 56. 610 2.1 23. 3.3 2.5 2.0
FD-108 03-987 F 0 72046 3537 11.7 5.9 70. 04 51. 600 1.9 22. 3.0 2.3 1.8
F0-118 01-990 F F 72054 3318 6.7 7.0 44. 05 50. 330 1.9 12. 3.0 2.2 .1.7
FD-145 03-982 F A 72040 3840 10.5 2.7 28. 06 40. 420 1.5 16. 2.4 1.8 1.4
738 01-1685 N H 75252 3814 11.5 5.9 70. 07 37. 420 1.4 16. 2.1 1.6 1.2
176A 02-1689 N K 75258 3392 11.9 2.3 28. 08 35. 410 1.3 15. 2.0 1.5 1.2
211C 03-1690 N L 75259 3250 11.3 2.5 28. 09 33. 370 1.2 14. 1.9 1.5 1.2
105A 03-1687 M 1 75254 3677 13.2 2.3 30. 10 32. 420 1.2 16. 1.8 1.4 1.1
151A 03-1688 m 1 75255 3514 13.6 4.4 59. 11 27. 370 1.0 14. 1.5 1.2 0.96
FD-12 02-987 F C 72046 3714 14.5 4.4 67. 12 27. 400 1.0 15. 1.6 1.1 0.83
71A 02-1686 N H 75253 3819 13.0 2.6 33. 13 25. 320 0.93 12. 1.4 1.1 0.88
FD-7 01-991 F E 72055 3511 10.2 4.4 48. 14 25. 250 0.93 9.3 1.5 1.1 0.84
FO-100 01-983 F 8 72041 3841 8.8 3.0 26. 15 23. 200 0.85 7.4 1.4 1.0 0.78
F0-121 02-990 F F 72054 3119 16.0 3.3 52. 16 23. 360 0.85 13. 1.4 1.0 0.78
F0-94 03-990 F D 72054 3461 6.7 2.3 15. 17 22, 150 0.81 5.5 1.3 0.98 0.75
FD-31 04-982 F A 72040 3859 10.7 1.4 14. 18 22. 230 0.81 8.5 1.3 0.95 0.72
FD-103 01-982 F a 72040 3705 9.4 1.0 9.3 19 20. 190 0.74 7.0 1.2 0.88 0.70
166A 03-1689 m K 75258 3417 12.2 1.4 18. 20 17. 210 0.63 7.8 0.97 0.75 0.59
1168 02-1688 M j 75255 3638 10.7 1.4 15. 21 16. 170 0.59 6.3 0.91 0.70 0.55
2140 01-1690 m L 75259 3218 10.1 1.3 13. 22 16. 170 0.59 6.3 0.91 0.70 0.55
F0-32 03-984 F 0 72045 3542 7.8 1.4 11. 23 14. 110 0.52 4.1 0.83 0.641 0.50
FD-47 02-984 F C 72045 3585 8.4 1.0 8.9 24 14. 120 0.52 4.4 0.83 0.58 0.44
F0-190 01-1376 m G 74036 3844 9.7 1.5 14. 25 14. 130 0.52 4.8 0.83 0.58 0.46
F0-15 01-989 F F 72053 3273 12.3 2.6 31. 26 13. 160 0.48 5.9 0.77 0.57 0.44
FD-30 02-983 F A 72041 3877 11.4 1.9 21. 27 13. 150 0.48 5.5 0.77 0.62 0.49
23A 03-1374 H G 74035 3502 14.1 1.9 26. 28 12. 170 0.44 6.3 0.71 0.55 0. 4
F0-185 02-1374 M 4 74035 386-4 11.2 5.5 63. 29 12. 140 0.44 5.2 0.71 0.50 0.,!!
F0-153 02-989 F E 72053 3320 8.6 1.7 15. 30 11. 96 0.41 3.6 0.65 0.49 0.s8
F0-154 04-989 F F 72053 3313 11.4 1.0 11. 31 9.0 100 0.33 3.7 0.53 0.38 0.29
FD-95 01-93;4 F C 72045 3563 7.4 0.67 4.8 32 8.5 62 0.31 2.3 0.50 0.37 0.28
116A 01-1t88 N J 75255 3638 11.9 0.63 7.4 33 e.4 100 0.31 3.7 0.48 0.38 0.30
1098 02-1687 M 1 75254 3671 10.9 0.70 7.8 34 8.3 90 0.31 3.3 0.47 0.35 0.26
F0-131 01-1374 N G 74035 3889 10.6 0.55 5.9 35 8.3 88 0.31 3.1 0.49 0.37 0.29
1658 01-1689 N K 75258 3419 14.0 0.81 11. 36 8.0 110 0.30 4.1 0.46 0.36 0.28
F0-48 04-984 F 0 72045 3544 12.2 1.3 15. 37 7.7 94 0.28 3.5 0.46- r. 34 0.27
F0-38 03-983 F a 72041 3326 8.7 0.85 7.4 38 7.4 64 0.27 2.4 0.44 0.34 0.27
FD-104 04-983 F A 72041 3931 12.3 0.89 11. 39 6.4 79 0.24 2.9 0.38 0.27 0.21
181C 02-1690 H L 75259 3362 10.2 1.6 16. 40 5.9 60 0.22 2.2 0.34 0.26 0.21
FO-150 03-989 F E 72053 3320 9.9 0.89 8.5 41 5.5 54 0.26 2.0 0.33 0.25 0.20
F0-307 01-1686 m H 75253 3752 12.9 0.12 1.6 42 2.4 31 0.08r 1.1 0.14 0.11 0.087
FO-101 05-981 F A 72039 3842 9.9 C
FO-117 01-981 F C 72039 3679 6.2 C
F0-147 02-981 F 0 72039 3525 8.9 C
F0-149 04:981 F F 72039 3261 8.2 C
FO-4 03- 81 F E 7'039 3499 14.7 C
FP-6 06-981 F a 72039 3815 10.6 C
2C 01-1379 M G 74038 3777 12.0 C
lIlA 05-1684 m 1 75248 3656 9.8 C
1140 01-1684 m J 75248 3634 12.1 C
178A 04-1684 m K 75248 3380 9.6 C

2258 02-1684 M 1 75248 3153 12.2 C
59C 03-1684 m 4 75248 3S65 14.9 C

UCI/KG REPRES-MTS MICRtCURIFS OF RADIONtCLIDF PFTR iLZ:sAM OF TOTAL BCOY UTIGHT.
MBQ/KG PEPRESENIS MEGA8EQUERELS 0 R

0A^I".CLiuE PER KILOGRAM OF TOTAL BOOY LEIGHT.
0OSE RATE AND CUiLATIVE Pr•'I • ASO ,ESENTFO AS FUNCTICNS Or TIME Ili DAYS AFTCR INHALATION rXPOSURE.
# INOICATES THE DOG. 0 i t•ORE IT RECEIVED ITS POTENTIAL INFINITE DOSE.
tCOMMENT: 0, EC 0R INDICATE THE OGG DIED, WAS EUTHANIZED CR WAS SACRIFICED, RESPECTIVELY. PROM:NFNT FiNOINGS ARE I



BETA RADIATICN DOSE TO LUNGS ........................................ " .............. .........----
DOSE RATE (GY/DAY) CLUMULATIVE DOSE (GY)S...................... ............. ................................ DAYS

.... 60 120 365 AT 60 120 365 POTENT. TO DEATH TO
M80 INITIAL DAYS DAYS DAYS DEATH DAYS DAYS DAYS INFIN. DEATH DATE DEATH COMMENT
. . .... ... .... .... . .... .... ... .... . . ... .... . .... .. .... . I ... .. . ..... ..... ............. o .° ° ..o .°........ •........

26. 4.4 3.0 2.2 1.4 210. 370 760+ 500 72237 197 D-PULMONARY INJURY
30. 4.0 3.2 2.5 1.2 210. 380 1100+ 740 73009 320 D-PULMOKARY INJURY
23. 3.3 2.5 2.0 1.2 170. 310 840+ 530 72307 261 D-PULMONARY INJURY
22. 3.0 2.3 1:8 1.1 160. 280 710+ 440 72279 233 E-PULMCNARY INJURY
12. 3.0 2.2 1.7 0.87 150. 260 650+ 450 72327 273 E-PULMCNARY INJURY
16. L.4 1.8 1.4 0.99 130. 220 5604 330 72249 209 D-PULMONARY INJURY
16. 2.1 1.6 1.2 .43 0.23 110. 200 380 480+ 430 77024 503 E-PULMONARY FIBROSIS
15. 2.0 1.5 1.2 .45 110. 190 370 490 490 79078 1281 D-CARCINOMA,LUNG
14. 1.9 1.5 1.2 .45 0.066 100. 180 370 480. 460 78013 850 E-PULMONARY INJURY
16. 1.8 1.4 1.1 .41 0.20 95. 170 340 440+ 390 77068 545 D-PULMONARY INJURY

14. 1.5 1.2 0.96 .39 0.37 80. 140 300 400. 300 76264 374 E-PULMONARY INJURY; CCNG.HEART FAIL.
15. 1.6 1.1 0.83 0.52 79. 140 3UO* 200 72260 214 D-PULMCNARY INJURY
,2. 1.4 1.1 0.88 0.50 75. 130 360* 230 76152 264 0-PULMONARY INJURY
9.3 1.! 1.1 0.84 0.49 74. 130 830+ 220 72305 250 0-PULMONARY INJURY; CONG.HEART FAIL.
7.4 1.4 1.0 0.78 0.037 71. 120 240 320+ 310 74253 943 D-PULMONARY INJURY

13. 1.4 1.0 0.78 0.45 68. 120 310+ 200 72309 255 D-PULMONARY INJURY
5.5 1.3 0.9S 0.75 .28 0.017 68. 120 230 310 310 75165 1207 D-PULMONARY INJURY
8.5 1.3 0.95 0.72 0.34 66. 120 270+ 200 72320 280 D-PULMONARY INJURY; CONG.XEART FAIL.
7.0 1.2 0.88 0.70 0.25 60. 110 220 290. 220 73064 390 0-PULMONARY INJURY
7.8 0 97 0.75 0.59 .22 52. 92 180 240 240 82110 2409 E-AOENOCARCINOMA,NASAL;CARCINOMA,LUNG
6.3 0.91 0.70 0.55 .21 49. 86 170 230 230 78325 1166 D-HEMORARHAGIC ENTERITIS
6.3 '1.91 0.70 0.55 .21 49. 86 170 230 230 82211 2509 E-GRANULOMATONJS PNEUMONIA:MENINGIOMA
4.1 0.33 0.64 0.50 .20 44. 78 160 220 220 77067 1849 D-LEIOMYcOA,9LA•DOER;PULMONARY INJURY
4.4 0.83 0.58 0.44 0.19 41. 71 180+ 130 73009 330 D-ADENOCARCINCMA A,MAMMARY GLAND
4.8 0.83 0.58 0.46 .17 0.00090 41. 72 140 190 190 7a269 1694 E-NEPMROSCLEROSIS;CARCINONA,PANCREAS
5.9 0.77 0.57 0.44 .15 0.12 40. 70 130 170- 140 73106 419 0-CONGESTIVE HEART FAILURE
5.5 0.77 0.62 0.49 .19 0.17 42. 75 150 200+ 150 73058 383 D-CONGESTIVE HEART FAILURE
6.3 0.71 0.55 0.44 0.066 37. 67 180. 120 74355 320 D-PULMCNARY INJURY; HYPOTHYROID
5.2 0.71 0.50 0.36 .12 0.0027 35. 61 120 160 160 77322 1383 D-PULMONARY THRC"COSIS
3.6 0.65 0.49 0.38 .15 0.0038 34. 59 120 150 150 75295 1338 D-CONGESTIVE HEART FAILURE
3.7 0.53 0.38 0.29 .11 0.038 27. 47 92 120+ 110 73356 669 D-PULMONARY INJURY
2.3 0.50 0.37 0.25 .11 25. 45 88 120 120 7756 2038 E-CHRCNIC PYELCNEPHRITIS
3.7 0.48 0.38 0.30 .11 26. 46 93 120 120 80036 1607 E-MALIGNANT MELANC4A, MOUTH
3.3 0.47 0.35 0.26 .079 24. 43 86 110 110 79016 1223 E-LYMPHOMA,VISCERAL
3.3 0.49 0.37 0.29 .11 0.00060 25. 45 90 120 120 78265 1691 E-SEMINCHA;SORNCHICLOALVEOLAR CARCINOM4A
4.1 0.46 0.36 0.28 .11 25. 44 89 110 110 81225 2159 E-CARDIAC INSUFFICIENCY
3.5 0.46 0.34 0.27 .10 0.012 23. 42 83 110 110 74218 904 D- ADEOCARCINCHMA,MAMMARY GLAND
2.4 0.44 0.34 0.27 .11 0.C018 23. 41 85 120 120 76079 1499 E-AOENC A,ADTENAL;B2CNCHIOLOALV. CARC.
2..9 0.38 0.27 0.21 .081 0.OCG08 19. 33 67 87 87 77281 2C67 E-NEPHRITIS;CCNCESTIVE HEART FAILURE
2.2 0.34 0.26 0.21 .078 18. 32 64 84 84 P2286 2584 E-SWEAT GLAND ADENOCARCINOMA
2.0 0.33 0.25 0.20 .076 0.00003 17. 30 61 80 80 78236 2375 E-SQUAM. CELL CAPC.,ORAL;8-A-CARCINmOA
1.1 0.14 0.11 0.087 .033 7.5 13 26 36 36 79110 1318 E-OSC PROTRUSICN

74342 .1034 D-SILATERAL ADRENAL HYPERPLASIA
77363 2151 D-PYELCNEPHRITIS
74151 843 D-PYOVETRA
75114 1171 O-ADENCCARCINC(AA,MAMMARY GLAND
77195 1983 E-FISRCOLASTIC CSTECSAPCOmA,BCNE
73265 592 D-ACENCC.ARCINCHA,MAMMARY GLAND
77033 1091 D-ARCNCRICLCALVECLAR CARCINC*A
79358 1571 0-PEYAL FISROSIS
82043 2352 E-DISC PRCLAPSE;CARCINCMA.LUNG
83052 2726 E-CONGESTIVE ;SART FAILbýRE
79302 1515 D-DLEURITIS (40CARDIA SP.)
76275 392 O-LC8AR PNEUMCNIA

LY, PRCINEVT FINDING1 APE INCLLtEO.
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A.15 90Sr in Fused Aluminosilicate Particles, Longevity Study

INHALATION EXPOSURE DOSE
DOG IDENTIFICATION -------------- 1.8.B . I.L.8. ..............
.................. AGE WT .............. ..................................... 60
TATTOO A4-EXPT SEX BLOCK DATE DAYS KG MBQ/KG HMo RANK UCI/KG UCI M8Q/KG MBO INITIAL DAYSS...... .. ...... ... ..... ..... ..... .. .. ...... .... .. .... ...... ....... ...... ...... .. .....-- ..... .

417A 04-828 N H 70288 379 10.6 9.3 100. 001 96. 1014. 3.6 38. 5.0 4.5
415T 01-828 F I 70288 396 9.2 4.4 41. 002 90. 832. 3.3 31. 4.8 3.9
435A 01-856 M J 71032 391 11.5 5.2 63. 003 77. 885. 2.8 33. 4.1 3.3
393A 01-792 M C 70218 427 10.3 3.7 37. 004 74. 763. 2.7 28. 3.9 3.3
4168 02-828 M H 70288 332 11.6 7.8 89. 003 74. 855. 2.7 32. 3.9 3.5
403A 03-809 H E 70238 396 7.0 5.2 36. 006 74. 515. 2.7 19. 3,9 3.1
397T 04-792 F 0 70218 409 8.6 5.5 48. 007 73. 629. 2.7 23. 3.9 3.0
5008 04-964 M L 71300 369 8.6 5.5 48. 008 71. 608. 2.6 22. 3.7 2.8
417T 03-828 F 1 70288 379 9.5 11. 100. 009 70. 661. 2.6 24. 3.7 2.9
403S 04-809 F F 70238 396 7.0 5.2 36. 010 68. 468. 2.5 17. 3.6 2.4
403U 01-809 F F 70238 396 6.8 5.5 37. 011 67. 454. 2.5 17. 3.5 2.8
398SU 02-792 F D 70218 393 6.8 3.5 24. 012 66. 452. 2.4 17. 3.5 2.8
432T 01-855 F K 71029 413 8.2 7.0 59. 013 65. 530. 2.4 20. 3.4 2.7
433A 02-854 M 1 71028 411 11.0 4.1 48. 014 65. 710. 2.4 26. 3.4 2.7
405X 01-824 F G 70266 416 8.6 4.8 41. 015 63. 541. 2.3 20. 3.3 2.8
355S 01-703 F 8 70036 424 8.6 5.5 48. 016 62. 536. 2.3 20. 3.3 2.6
3558 02-703 M A 70036 424 9.4 3.7 35. 017 58. 544. 2.1 20. 3.0 2.5
398A 03-792 H C 70218 393 11.4 3.0 34. 018 57. 652. 2.1 24. 3.0 2.5
408T 02-824 F G 70266 408 8.6 3.7 33. 019 55. 473. 2.0 18. 2.9 2.5
361T 03-701 F a 70034 415 8.4 3.3 28. 020 53. 444. 2.0 16. 2.8 2.4
4020 02-809 H E 70238 397 6.7 7.0 48. 021 53. 354. 2.0 13. 2.8 2.4
357A 01-702 M A 70035 421 9.8 5.5 52. 022 53. 515. 2.0 19. 2.8 2.3
418S 03-827 F 1 70286 365 10.0 3.3 33. 023 51. 514. 1.9 19. 2.7 2.4
4370 03-855 M 1 71029 332 8.3 3.7 32. 024 51. 423. 1.9 16. 2.7 2.0
494A 03-964 H L 71300 404 9.4 3.7 36. 025 50. 474. 1.9 18. 2.7 1.9
411A 01-827 M H 70286 421 14.2 9.6 130. 026 49. 699. 1.8 26. 2.6 2.4
431U 02-855 F K 71029 421 7.2 8.9 67. 027 48. 348. 1.8 13. 2.5 2.2
402A 01-808 M E 70237 396 9.5 2.! 20. 028 42. 402. 1.6 15. 2.2 1.9
400S 04-808 F F 70237 404 9.1 3.1 28. 029 41. 370. 1.5 14. 2.1 1.7
433S 04-854 F K 71028 411 9.0 2.3 21. 030 38. 339. 1.4 13. 2.0 1.7
411T 03-824 F G 70266 400 7.6 2.6 20. 031 37. 284. 1.4 11. 2.0 1.8
4978 02-964 m L 71300 375 8.8 1.8 16. 032 35. 308. 1.3 11. 1.8 1.4
396T 03-790 F D 70216 417 8.6 3.0 .25. 033 33. 282. 1.2 10. 1.7 1.3
3980 02-790 M C 70216 390 9.5 1.9 18. 034 32. 305. 1.2 11. 1.7 1.4
751A 03-1581 M 0 74338 429 10.0 1.7 17. 035 31. 309. 1.1 11. 1.6 1.4
354W 02-702 F 8 70035 425 7.5 2.3 17. 036 30. 224. 1.1 8.3 1.6 1.3
355A 04-701 H A 70034 422 10.6 3.6 37. 037 24. 257. 0.89 9.5 1.3 1.1
433C 01-854 H J 71028 411 9.8 1.1 10. 038 24. 234. 0.89 8.7 1.3 1.1
748S 01-1580 F N 74337 446 7.6 1.5 11. 039 23. 171. 0.85 6.3 1.2 1.0
414T 04-827 F 1 70286 397 7.0 2.0 14. 040 21. 150. 0.78 5.5 1.1 0.97
416C 02-827 H H 70286 380 10.7 1.6 17. 041 21. 223. 0.78 8.3 1.1 0.92
759- 03-1586 F P 74347 415 10.0 1.7 17. 042 21. 208. 0.78 7.7 1.1 0.91
430S 03-854 F K 71028 423 7.7 1.1 8.5 043 21. 160. 0.78 5.9 1.1 0.90
399U 03-808 F F 70237 407 7.2 2.0 14. 044 19. 137. 0.70 5.1 1.0 0.86
4018 02-808 M E 70237 403 9.0 1.9 17. 045 19. 169. 0.70 6.3 0.98 0.85
3988 01-790 H C 70216 390 11.2 1.0 12. 046 18. 204. 0.67 7.5 0.96 0.82
404S 01-823 F G 70265 438 8.6 0.89 7.4 047 17. 150. 0.63 5.5 0.92 0.77
748A 02-1581 H N 74338 447 8.2 0.93 7.4 048 16. 134. 0.59 5.0 0.86 0.78
354A 01-701 M A 70014 424 10.4 1.8 19. 049 15. 161. 0.55 6.0 0.81 0.70



BETA RADIATION DOSE TO LUNG

DOSE RATE (GY/DAY) CUMULATIVE DOSE (GY)

60 120 365 AT 60 120 365 POTENTIAL TO DEATH TO
"lAl. DAYS DAYS DAYS DEATH DAYS DAYS DAYS 5000 DAYS DEATH DATE DEATH COMMENT
.o.. . ...... ...... ...... ....... ..... . ...... .. ...... ....-- -- ..... ..... ..... .......................................-

%.5 4.3 4.2 280. 550. 11000. + 870. 71118 195 D-PULMONARY INJURY
3.9 3.4 3.1 260. 470. 13000. + 790. 71143 220 D-PULMONARY INJURY
3.3 3.0 2.7 220. 410. 11000. + 720. 71263 231 E-PULMONARY INJURY
3.3 2.8 2.5 220. 400. 1400. * 500. 71012 159 0-PULMONARY INJURY
3.5 3.2 3.0 210. 420. 3400. + 620. 71107 184 D-PULMONARY INJURY
3.1 2.7 2.1 2.1 210. 380. 940. 4700. + 990. 71259 386 0-PULMONARY INJURY
3.0 2.6 2.3 200. 360. 9600. + 600. 71071 218 D-PULMONARY INJURY
2.8 2.4 2.1 190. 350. 8900. + 640. 72190 255 D-PULMONARY INJURY
2.9 2.6 2.4 200. 360. 10000. + 730. 71190 267 E-PULMONARY INJURY
2.4 2.2 1.8 150. 290. 1700. + 510. 71105 232 0-PULMONARY INJURY
2.8 2.5 2.2 190. 350. 4700. + 670. 71131 258 '-PULMONARY INJURY
2.8 2.6 2.0 180. 340. 2500. + 820. 71182 329 D-PULMONARY INJURY
2.7 2.3 1.9 180. 330. 5800. + 640. 71297 268 D-PULMONARY INJURY
2.7 2.5 2.3 180. 340. 10000. + 650. 71280 252 E-PULMONARY INJURY
z.8 3.4 2.1 180. 340. 870. + 610. 71144 243 D-PULMONARY INJURY
2.6 2.3 1.9 180. 320. 4500. + 780. 71013 342 D-PULEONARY INJURY
2.5 2.2 1.8 1.8 170. 310. 780. 7800. + 800. 71044 373 0-PULMONARY INJURY
2.5 2.2 2.1 160. 300. 7800. + 640. 71136 281 D-PULMONARY INJURY
2.5 2.2 2.0 160. 300. 8300. + 540. 71139 238 D-PULMONARY INJURY
2.4 2.2 1.9 150. 290. 3000. * 590. 70300 266 D-PULMONARY INJURY
2.4 2.1 1.7 150. 290. 3700. + 620. 71173 300 D-PULMONARY INJURY

2.3 2.G 1.6 150. 280. 6900. + 670. 71011 341 D-PULMO',ARY INJURY
2.4 2.1 1.7 150. 290. 1200. + 440. 71122 201 D-PULMONARY INJURY
2.0 1.7 1.2 . 140. 250. 600. 1600. + 620. 72040 376 E-PULMONARY INJURY
1.9 1.4 0.67 140. 240. 750. + 420. 72245 310 D-PULMONARY 14JURY
2.4 2.2 2.0 150. 290. 1800. + 450. 71122 201 D-PULMONARY INJURY
2.2 1.9 1.7 140. 260. 6900. + 450. 71255 226 D-PULMONARY INJURY
1.9 i.6 1.3 120. 220. 5400. + 530. 71212 340 D-PULMONARY INJURY
1.7 1.5 1.3 110. 210. 3700. + 430. 71158 286 0-PULMONARY INJURY
1.7 1.5 1.3 110. 200. 3500. + 420. 71307 279 0-PULMONARY INJU9Y
1.8 1.6 1.2 110. 210. 1000. + 400. 71160 259 0-PULMONARY INJURY
1.4 1.2 0.76 0.51 96. 170. 390. 1200. + 660. 73357 788 0-HEMANGIOSARCCNA,LUNG
1.3 1.2 0.81 0.52 90. 160. 400. 1000. + 630. 72204 718 D-HEMANGICSAPCCMA,LUNG
1.4 1.2 0.89 0.70 93. 170. 420. 1500. + 650. 72130 6/4 E-HEMANGIOSARCCOA,LUNG
1.4 1.2 0.93 0.67 89. 170. 420. 1500. + 720. 76355 747 E-HEMANGIOSARC0KA,LUNG
1.3 1.1 0.86 0.80 85. 160. 400. 1700. + 490. 71147 477 0-PULMONARY INJURY
1.1 0.98 0.65 0.44 71. 130. 330. 1000. + 520. 72019 715 D-HEMANGIOSARCCMA,LUNG
1.1 1.0 0.78 0.58 71. 140. 350. 1200. + 570. 72356 693 E-HE•ANGIOSARCOMA,LUNG
1.3 0.91 0.69 0.44 65. 120. 110. 1000. + 580. 77084 843 E-HEMANGIOSARCCOA,LUNG
0.97 0.86 0.60 0.38 63. 120. 290. 1000. * 540. 3064 874 D-SEMANGIOSAFC-MA,LUNG
0.92 0.79 0.50 0.24 60. 110. 260. 840. + 530. 73318 1128 E-EPIDERMOID CARC.;HEMANGiOSARC.,LUNG
0.91 0.78 0.54 0.37 60. 110. 270. 1100. * 500. 77133 882 E-HEMANGIOSARCW A,LUNG
0.90 0.79 0.59 0.41 59. 110. 270. 970. + 490. 73106 809 E-HE)ANGIOSARCOKA,LUNG
0.86 0.74 0.50 0.27 56. 100. 250. 930. + 540. 73311 1170 E-HEMANGICSARCCMA,LUNG

3 0.85 0.78 0.60 0.30 55. 100. 270. 850. * 560. 73166 1025 D-HEMANGIOSARCOMA, LUNG
5 0.82 0.73 0.54 0.?9 53. 99. 250. 820. + 520. 73152 1032 E-FEMA4!OSAC. AND B.A.CARC.,LUNG
2 0.77 0.66 0.45 0.087 50. 93. 230. 660. + 580. 76042 1968 D-HEMANGIOSARCOMA,HEART
5 0.78 0.71 0.50 0.15 49. 94. ;40. 810. * 660. 80073 1931 D-PJLMONARY INJURY
1 0.70 0.61 0.40 0.18 45. 84. 200. 660- * 430. 73152 1214 E-HEMANG.,LUNG;SQUAM-CELL CARC,LUNG
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A.15 90Sr in Fused Aluminosilicate Particles, Longevity Study (continued)

... °.... .°...... ...........

INHALATION EXPOSURE DOSE RATE (GY/O,
DOG IDENTIFICATION ----------------------- - .B.. I.L.8. ..........................
.................. AGE WT ..............-..................................... 60 120
TATTOO AN-EXPT SEX BLOCK DATE DAYS KG MPQ/KG HB4 RANK UCI/KG UCI MBO/KG Mao INITIAL DAYS DAYS C

495C 01-964 M L 71300 385 8.0 0.89 7.0 050 15. 119. 0.55 4.4 0.78 0.65 0.55 0
362T 02-701 F B 70034 413 6.8 1.3 8.9 051 15. 101. 0.55 3.7 0.78 0.68 0.60 0
397S 04-790 F 0 70216 407 8.3 0.96 8.1 052 15. 121. 0.55 4.5 0.76 0.65 0.56 0.
4138 02-826 H n 70285 409 10.9 0.85 9.3 053 14. 148. 0.52 5.5 0.71 0.60 0.51 0
415V 01-826 F 1 70285 393 7.5 0.85 6.7 054 13. 99. 0.48 3.7 0.70 0.59 0.51 0
405A 02-806 M E 70236 387 9.7 0.78 7.8 055 9.4 92. 0.35 3.4 0.50 0.41 0.34 0.
438A 04-853 M 1 71027 376 9.9 0.74 7.4 056 9.2 91. 0.34 3.4 0.48 0.39 0.33 0.
3581 01-704 F B 70037 422 9.0 0.89 7.8 057 9.1 82. 0.34 3.0 0.48 0.44 0.41 0
411S 03-823 F G 70265 400 8.1 0.85 7.0 058 8.6 70. 0.32 2.6 0.45 0.41 0.38 0
413C 03-826 M M 70285 409 12.2 0.44 5.2 059 8.5 103. 0.31 3.8 0.45 0.38 0.34 0.
393C 02-789 M C 70215 424 8.2 0.41 3.4 060 7.9 65. 0.29 2.4 0.42 0.37 0.33 0
393T 03-789 F D 70215 424 6.6 0.55 3.2 061 7.9 52. 0.29 1.9 0.42 0.34 0.30 0
3997 01-806 F F 70236 406 8.0 0.48 4.1 062 7.7- 61. 0.28 2.3 0.40 0.36 0.32 0.
3678 04-700 M A 70033 385 9.6 1.0 8.5 063 7.6 73. 0.28 2.7 0.40 0.36 0.33 0.
754T 02-1580 F N 74337 410 7.0 0.41 2.7 064 7.4 52. 0.27 1.9 0.39 0.34 0.30 0.
4940 01-963 m L 71299 403 8.0 0.44 3.6 065 6.8 55. 0.25 2.0 0.36 0.33 0.31 0.
430V 02-853 F K 71027 422 7.2 0.81 5.9 U66 6.6 48. 0.24 1.8 0.35 0.31 0.28 0.
413S 04-326 F I 70285 409 10.4 0.59 6.3 067 6.6 69. 0.24 2.6 0.35 0.29 0.26 0.
405S 02-323 F G 70265 416 9.9 0.52 5.2 068 5.7 57. 0.21 2.1 0.30 0.27 0.25 0.
759C 01-1586 N a 74347 415 10.9 0.36 4.1 069 5.7 62. 0.21 2.3 0.30 0.26 0.23 0.
3528 02-704 M A 70037 433 7.9 0.31 2.5 070 5.4 43. 0.20 1.6 0.28 0.25 0.23 0.
755A 01-1581 M 0 74338 409 7.1 0.25 1.8 071 5.3 38. 0.20 1.4 0.28 0.24 0.20 0.
7548 03-1580 M M 74337 410 8.1 0.34 2.7 072 5.2 42. 0.19 1.6 0.27 0.25 0.22 0.
431T 01-853 F K 71027 419 6.6 0.37 2.4 073 4.9 33. 0.18 1.2 0.26 0.22 0.21 0.
4948 02-963 M L 71299 403 9.4 0.41 3.7 074 4.9 46. 0.18 1.7 0.26 0.21 0.18 0.
3607 02-700 F 8 70033 414 7.9 0.93 7.4 075 4.5 35. 0.17 1.3 0.23 0.19 0.16 0.
399S 04-806 F F 70236 406 9.7 0.31 3.1 076 4.3 41. 0.16 1,5 0.22 0.20 0.18 0.
398S 04-789 F 0 70215 390 9.6 0.36 3.4 077 4.2 40. 0.16 1.5 0.22 0.19 0.17 0.
435C 03-853 M 1 71027 386 9.0 0.25 2.3 078 4.1 37. 0.15 1,4 0.21 0.18 0.16 0.
3930 01-789 P4 C 70215 424 10.5 0.27 2.9 079 4.1 43. 0.15 1.6 0.21 0.19 0.17 0.
4038 03-806 M E 70236 394 7.3 0.26 1.9 080 3.9 28. 0.14 1.0 0.20 0.18 0.17 0.
758U 04-1586 F P 74347 417 7.0 0.48 3.3 081 3.5 24. 0.13 0.89 0.18 0.15 0.14 0.
755U 02-1586 F R 74347 418 6.2 0.48 3.1 082 2.6 16. 0.096 0.59 0.14 0.12 0.11 o.
7628 01-1583 M 0 74344 407 6.7 0.14 0.93 083 1.6 11. 0.059 0.41 0.085 0.074 0.066 0.
756C 02-1584 M 0 74345 416 11.0 0.085 0.96 084 1.5 17. 0.056 0.63 0.081 0.073 0.067 0.
751U 03-1533 F P 74344 435 10.2 0.089 0.89 085 1.5 16. 0.056 0.59 0.080 0.068 0.059 0.
749S 02-1577 F N 74330 430 8.2 0.093 0.74 086 1.5 12. 0.056 0.44 0.079 0.071 0.065 0.
7496 03-1579 M P4 74336 436 8.8 0.093 0.81 087 1.5 13. 0.056 0.48 0.076 0.064 0.057 0.-
762U 01-1584 F R 74345 408 6.9 0.11 0.81 088 1.2 8.5 0.044 0.31 0.065 0.058 0.053 0.1
7568 04-1578 M 0 74331 402 10.6 0.085 0.93 089 1.0 11. 0.037 0.41 0.054 0.048 0.044 0.'
7488 02-1579 M 0 74336 445 8.7 0.074 0.63 090 0.98 8.5 0.036 0.31 0.051 0.047 0.046 0.
755S 04-1584 F R 74345 416 10.0 0.10 1.0 091 0.90 9.0 0.033 0.33 0.047 0.044 0.041 0.,
7543 04-1585 F P 74346 419 8.3 0.15 1.2 092 0.80 6.6 0.030 0.24 0.042 0.038 0.035 0.t
752A 03-1578 M P 74331 414 6.7 0.056 0.37 093 0.80 5.3 0.030 0.20 0.042 0.039 0.036 0.
751T 03-1577 F N 74330 421 9.3 0.085 0.78 094 0.62 5.8 0.023 0.21 0.033 0.029 0.026 0.'
754A 01-1579 M M 74336 409 9.7 0.024 0.23 095 0.32 3.1 0.012 0.11 0.017 0.016 0.015 0.,
751V 04-1583 F R 74344 435 8.4 0.031 0.26 096 0.31 2.6 0.011 0.096 0.016 0.015 0.013 0.t
7590 01-1585 M 0 74346 414 9.1 0.033 0.30 097 0.29 2.7 0.011 0.10 0.015 0.014 0.013 0.(
762V 03-1584 F R 74345 408 6.3 0.067 0.41 098 0.27 1.7 0.010 0.063 0.014 0.013 0.011 0.1

0



BETA RADIATION DOSE TO LUNG
-..................................................................

?ATE (GY/DAY) CUMULATIVE DOSE (GY)
.......................................--------------------

120 365 AT 60 120 365 POTENTIAL TO DEATH TO
DAYS DAYS DEATH DAYS DAYS DAYS 5000 DAYS DEATH DATE DEATH C4MENT

. ........................................................ ...... ............................................

0.55 0.36 0.11 43. 78. 190. 600. + 480. 76295 1821 E-HEMANGIOSARC.,SPLEEN; B.A.CARCINOMA
0.60 0.41 0.18 44. 82. 200. 600. + 430. 73123 1185 D-HEMANGIOSARCOMA, LUNG
0.56 0.38 0.064 42. 78. 190. 600. * 540. 77032 2373 D-PULMONARY INJURY
0.51 0.30 0.15 39. 72. 170. 630. + 340. 74037 1213 D-HEMANGIOSARCOMA,LUNG
0.51 0.33 0.11 39. 72. 170. 500. * 380. 74285 1461 D-HEMAWGIOSARCOMA,HEART
0.34 0.20 0.035 2/. 50. 110. 330. + 290. 76358 2313 E-HEMANGIOSARCCMA,HEART
0.33 0.23 0.035 26. 47. 110. 400. + 360. 78223 2753 E-HEKANGIOSARC.,RI8;B-A-CARCINOMA
0.41 0.32 0.049 28. 53. 140. 490. + 440. 76275 2429 O-HEMANGICSARCCMA, HEART;5-A -CARINOMA
0.38 0.27 0.014) 26. 50. 130. 340. + 320. 77304 2596 D-PULMONARY INJURY;COMBINED CARC.,LUNG
0.34 0.23 0.029 25. 46. 110. 340. + 310. 77224 2496 E-SCJAMCIJS CELL CARCINCMA,NASAL CAV:TY
0.33 0.24 0.083 24. 45. 110. 410. + 310. 75072 1683 E-HEMANGIOSARCOCA,SITE UNDETERMINED
0.30 0.19 0.010 23. 42. 100. 290. + 280. 79234 3306 D-HEMANGIOSARCCMA,HEART
0.32 0.23 0.077 23. 43. 110. 400. + 310. 75217 1807 D-NEMANGIOSARCOMA,TBLN
0.33 0.23 0.030 23. 43. 110. 340. + 310. 77091 2615 D-ASPIRATION PNEUMONIA;B-A-CARCINOMA
0.30 0.22 0.093 22. 41. 100. 410. + 290. 79104 1593 D-HEMANGIOSARCOMA,HEART
0.31 0.25 0.083 21. 40. 110. 400. + 310. 76176 1703 D-HEMANGIOSARCOMAHEART
0.28 0.20 0.043 20. 37. 95. 340. + 290. 77140 2305 E-HEMANGIOSARCOMA,HEART
0.26 0.18 0.027 19. 36. 87. 280. + 250. 77177 2449 D-NEMANGIOSARCOMA,hEART
0.25 0.17 1.0063 17. 33. 84. 220. + 210. 81014 3767 E-HEMANGIOSARCCMA,OISSEMINATED
0.23 0.16 0.043 17. 32. 80. 290. + 230. 80260 2104 E-HEMANGIOSARCCHA,LUNG
0.23 0.17 0.023 16. 3.0 79. 290. + 260. 77310 2830 D-SC.CELL CARC,LUNG;HEMANGIOSARC.,TBLN
0.20 0.14 0.022 16. 29. 72. 230. + 220. 84163 3477 D-HEMANGIOSARCCMA,UNOET.;PUL. ADENOM4A
0.22 0.17 0.059 15. 30. 78. 320. + 240. 80109 1963 E-HEMANGIOSARCCMIA,MUSCLE
0.21 0.17 0.047 14. 27. 74. 300. + 240. 76295 2094 D-HEMANGIOSARCCMA,HEART
0.18 0.12 0.020 14. 25. 60. 200. * 180. 78329 2587 D-HEMANGIOSARCOMA,TBLN
0.16 0.10 0.0040 13. 23. 53. 150. * 140. 79158 3412 D-ULCERATIVE PHARYNGITIS
0.18 0.13 0.035 13. 24. 62. 230. + 190. 76201 2156 D-HEMANGIOSARCOHA,HEART
0.17 0.12 0.020 12. 23. 57. 200. + 170. 77223 2565 E-HEMANGIOSARCCMA,LUNG
0.16 0.12 0.038 12. 22. 55. 2&0. + 190. 77076 2241 E-NEMANGIOSARCC4MA,HEART
0.17 0.12 0.013 12. 23. 57. 200. + 190. 79173 3245 E-HEMANGIOSARCOA,HEART
0.17 0.12 0.020 12. 22. 56. 200. + 180. 77-315 2636 E-HEMANGIOSARC.,SITE UND.;B-A-CARCINOMA
0,14 0.11 0.029 10. 19. 48. 180. + 150. 80186 2030 E-NEMANGIOSARCCHA,SPLEEN
0.11 0.079 0.019 7.7 15. 37. 130. + 110. 81091 2301 E-HEMANGIOSARCcMA, LIVER
0.066 0.049 0.OOYO 4.8 9.0 23. 88. + 86. 86161 4200 E-HEMANGIOSARCCOA,TSLH
0.067 0.048 0.0090 4.6 8.8 23. 84. + 80. 85256 3929 E-HEMANGI0SARCOMA,TBLN
0.059 0.040 0.0070 4.4 8.2 20. 70. + 61. 84024 3332 E-ANGIOSARCOMA,TBLN
0.065 0.030 0.010 4.5 8.5 22. 90. + 85. 84272 3594 E-HEMANGI0SARCOMA,HEART
0.057 0.042 0.0060 4.2 7.8 20. 73. + 72. 8Y153 5296 D-PUL. FIBROSIS, PUL. ADENOCARCINOMA
0.053 0.039 0.0050 3.7 7.0 18. 66. * 64. 86234 4274 E-HEMANGIOSARCCOA,TBLN;CARCINOMA,LUNG
0.044 0.031 0.0077 3.1 5.8 15. 48. + 39. 80045 1905 E-HEMANGIOSARCCMA,TBLN
0.046 0.036 3.0040 3.0 5.8 16. 71. + 73. 88047 4824 E-MESOTHELIOMA, PLEURAL
0.041 0.032 0.0040 2.7 5.3 14. 55. + 49. 83213 3155 E$EMANGIOSARCCl4A,SPLEEN
0.035 0.028 0.0040 2.4 4.6 12. 45. + 44. 84314 3620 E-CARCINOMA,LUNG
0.036 0.028 0.0050 2.4 4.7 12. 52. + 48. 85345 4032 E-HEMANGIOSARCCMA,TBLN
0.026 0.019 0.0048 1.8 3.5 8.8 31. + 26. 80196 2C57 E-H8KANGIOSARCCMA,TBLN
0.015 0.012 0.0012 0.99 1.9 5.2 23. + 22. 86365 4412 D-CADRIOMYOPATHY,HEART
0.013 0.0093 0.00080 0.93 1.8 4.5 17. + 16. 86199 4238 E-CARCINOMA,MAMMARY GLAND
0.013 0.010 0.0010 0.89 1.7 4.6 17. + 16. 86323 4774 -Z$OLANGIOCARCINOMA,LIVER
3.011 0.0069 0.00070 0.81 1.5 3.7 10. + 8.8 82.88 2765 E- H ENGIOSARC MATRL N
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A.15 90 Sr in Fused Aluminosilicate Particles, Longevity Study (continued)

INHALATION EXPOSURE DC
DOG IDENTIFICATION ....................... 1.8.8. I.L.B. ............
.................. AGE WT ..............-..................................... 6C
TATTOO AN-EXPT SEX BLOCK DATE DAYS KG M8Q/KG MBo RANK UCI/KG UCI M80/KG MaQ INITIAL DAI
...... °....... o... ..... . .. .... o .... o . ..... . .. °... .... ..... °. .... .. .... o..o . .... . .. ..... ....

758T 03-1585 F P 74346 416 7.0 0.017 0.12 099 0.26 1.8 0.0096 0.067 0.014 0.01
748T 04-1579 F N 74336 445 5.8 0.026 0.15 100 0.25 1.5 0.0093 0.056 0.013 0.01
763A 02-1585 M a 74346 408 9.9 0.024 0.24 101 0.22 2.2 0.0081 0.081 0.011 0.01
750A 01-1577 H M 74330 428 10.5 0.022 0.23 102 0.18 1.8 0.0067 0.067 0.0092 O.OC
763S 02-1583 F P 74344 406 8.2 0.033 0.27 103 0.15 1.2 0.0056 0.044 0.0078 0.00
758C 01-1578 M 0 74331 401 7.7 0.021 0.17 104 0.15 1.1 0.0056 0.041 0.0077 0.00
756A 02-1578 M 0 74331 402 10.2 0.024 0.24 105 0.12 1.3 0.0044 0.048 0.0065 0.00
749T 04-1577 F N 74330 430 7.9 0.027 0.21 106 0.12 0.94 0.0044 0.035 0.0062 O.Ob
354S 02-699 F B 70027 417 7.8 C
3618 01-699 m A 70027 408 12.0 C
397U 01-788 F D 70212 403 7.5 C
3998 02-788 M C 70212 382 10.9 C
401S 01-811 F F 70240 406 8.5 C
4028 02-811 H E 70240 399 11.1 C
405W 01-816 F G 70247 398 6.8 C
413U 01-830 F 1 70289 413 9.4 C
418C 02-830 M N 70289 368 11.4 C
431S 02-851 F K 71025 417 7.4 C
437A 01-851 M J 71025 378 10.9 C
497A 01-962 M L 71299 374 11.1 C
751S 03-1576 F N 74329 420 11.6 C
754C 01-1576 M M 74329 402 6.7 C
758A 02-1576 M 0 74329 399 11.2 C
7588 03-1582 M 0 74343 413 10.4 C
761S 01-1582 F R 74343 407 9.8 C
762T 02-1582 F P 74343 406 7.2 C

UCI/KG REPRESENTS MICROCURIES OF RADIONUCLIDE PER KILOGRAM OF TOTAL BOOY VEICHT.
M10/KG REPRESENTS MEGABEQUERELS OF RADIONUCLIDE PER KILOGRAM OF TOTAL BOOY WEIGHT.
DOSE RATE AND CUMULATIVE DOSE ARE PRESENTED AS FUNCTIONS OF TIME IN DAYS AFTER !NHALATION EXPOSURE.
+ INDICATES THE DOG DIED BEFORE IT RECEIVED ITS POTENTIAL INFINITE DOSE.
COMMENT: D, E, OR S INDICATE THE DOG DIED, WAS EUTHANIZED OR WAS SACRIFICED, RESPECTIVELY. PROMINENT FINDINGS AR;



BETA RADIATION DOSE TO LUNG
°.°°.... .......................................................................

DOSE RATE (GY/DAY) CUMULATIVE DOSE (GY)
.=......... ........... ........... ... ....... °................................

60 120 365 AT 60 120 365 POTENTIAL TO DEATH To
IAL DAYS DAYS DAYS DEATH DAYS DAYS DAYS 5000 DAYS DEATH DATE DEATH COMMENT
... ...... .. .... ...... ....... ...... ...... ..... -- - - -..... . . . . ... ..... ...... ........ o.........................

14 0.013 0.012 0.0087 0.00060 0.79 1.5 4.0 11. + 10. 82351 2927 D-PULMONARY THROMBOS!S
13 0.012 0.011 0.0079 0.00030 0.76 1.5 3.8 9.7+ 9.5 86143 4190 D-HEART FAILURE
11 0.011 0.0099 0.0075 0.00080 0.66 1.3 3.4 15. + 14. 88041 4808 E-HEMANGIOSARCOMA, SPLEEN
)92 0.0085 0.0079 0.0058 0.00080 0.53 1.0 2.7 11. + 9.5 85172 3860 E-LYMPHOSARCOHA,LIVER
)78 0.0072 0.0067 0.0048 0.00020 0.45 0.87 2.3 5.8+ 5.7 871E2 4591 E-LYMPHOSARCOMA,BRAIN
377 0.0072 0.0068 0.0054 0.00070 0.45 0.87 2.4 7.9+ 7.7 84093 3414 E-HEMANGIOSARCOMA,TBLN
:65 0.0060 0.0056 0.0040 0.00020 0.38 0.72 1.9 6.6. 6.2 88176 4958 E-PYELONEPHPITIS
;62 0.0059 0.0055 0.0042 0.00045 0.36 0.70 1.9 5.7+ 5.5 82075 2667 E-HEMANGIOSARCOMA,LIVER

81198 4189 E-ADENOCARCINOMA, MAMMARY GLAND
83211 4932 D-CARCINCMA,LUNG
85273 5540 E-PYELONEPHRIT!S,KIONEY
84073 4974 E-ADENOCARCINOMA,PROSTATE
85106 5345 E-ADENOCARCINOMA,MAMMARY GLAND
85133 5372 D-BRONCHOPNEUMONIA,LUNG
80275 3680 D-CARCINOMA,LUNG
83244 4703 E-CARCINOMA,BLADDER
85067 5257 E-MALIGNANT MELONOMA,ORAL
82244 4237 E-TRANSITIONAL CELL CARCINOMABLADOER
85318 5407 D-LYMPHOSARCCHA,GENERALIZED
82140 3859 E-CARCINOMA,HEPATOCELLULAR
86200 4254 D-FIBROKA,VAGINA
86022 4076 D-HEMANGI :ARCC`MA,HEART
84211 3534 E-ADENOCARCNCMA,PANCREAS
86•: 4375 D-BRONCHIOLITISLUNG
81344 2558 D-ACCIDENTAL DEATH
91159 6025 D-PYELONEPHRITIS;CARCINOMA,LUNG

)ENGS AkE INCLUDEO.
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A.16 1 44Ce in Fused Aluminosilicate Partickl, Repeated Exposure Study

BETA RADIATION DOSE TO LUNG
.. °.............. ....... ...................

DOSE RATE (GY/DAY) CUMULATIVE DC
INITIAL EXPOSURE FINAL EXPOSURE ....................... ................

DOG IDENTIFICATION ................................... AFTER AFTER
.................. AGE UT AGE UT INITIAL FINAL AT 365 730 POTE
TATTOO AN-EXPT SEX GROUP DATE DAYS KG DATE DAYS KG EXP. EXP. DEATH DAYS DAYS INFI
.. °.. . ° °. .... ... .. . . ... . .... o .... .. . ..... .... .... . ....... ...... .... .. . .... .... o...

645C 01-1294 H 1 73340 518 8.3 75288 1195 9.5 .18 .75 .0028 130 370 52
648U 02-1294 F 1 73340 513 6.5 75288 1191 7.1 .18 .64 130 350 Q8
664C 03-1294 M 1 73340 452 9.6 75288 1130 11.7 .20 .65 .0038 130 370 50
641T 04-1294 F 1 73340 526 8.9 75288 1204 11.5 .19 .60 .0017 110 310 44
644T 05-1294 F I 73340 518 7.1 75288 1195 8.3 .14 .64 .065 120 350 48
6465 01-1295 F 1 73341 518 7.1 75289 1196 9.0 .15 .48 100 260 36
654T 02-1295 F 1 73341 495 7.6 75289 1173 8.5 .17 .72 .0011 130 350 50
645S 03-1295 F I 73341 519 9.0 75289 1197 12.5 .24 .55 .00044 110 3r) 4i
641C 04-1295 M 1 73341 527 9.3 75289 1205 11.3 .23 .71 .0012 *50 3&0 52
662U 01-1292 F II 73338 458 6.2 75286 1136 7.2 .58 .46 170 340 43
6548 02-1292 M II 73333 492 6.3 75286 1170 7.2 .54 .54 160 340 45
645A 03-1292 m II 73338 516 10.7 /5286 1194 12.1 .74 .55 .00085 180 360 47
651S 04-1292 F II 73338 500 8.4 75286 1178 9.4 .62 .57 170 360 47
6658 05-1292 M II 73338 434 8.8 75286 1112 10.2 .67 .53 .00052 180 350 46
654A 01-1293 m II 73339 493 10.6 75287 1171 11.6 .56 .53 .0022 180 380 49
6418 02-1293 M II 73339 525 10.9 75287 1203 12.5 .55 .46 .00056 170 340 43
6488 03-1293 m II 73339 512 8.6 75287 1220 9.0 .55 .58 .0054 170 370 48
648S 04-1293 F It 73339 512 7.5 75287 1220 8.2 .66 .65 .020 190 390 52
649U 01-1290 F III 73333 502 9.2 75282 1180 9.2 .30 :8 .0036 87 180 23
650U 02-1290 F III 73;33 501 8.5 75282 1178 10.0 .26 .32 91 200 26
649V 03-1290 F I11 73333 502 7.8 75282 1180 8.9 .33 .29 .00056 93 190 25
6508 04-1290 m III 73333 501 9.8 75282 1178 11.3 .30 .34 93 200 27
641A 05-1290 M 11 73333 519 13.5 75282 1178 13.2 .34 .24 .00072 87 180 23,
662S 01-1291 F II 73334 454 10.8 75283 1133 11.5 .31 .19 .00019 85 210 251

S655U 02-1291 F III 73334 486 8.2 75283 1165 10.4 .28 .25 .0028 78 160 21,
644S 03-1291 F I!I 73334 512 10.5 75283 1191 11.6 .33 .23 84 170 211
665A 04-1291 M 11 73334 430 10.4 75283 1109 10.9 .39 .25 .17 94 190 241
6648 01-1288 m C 73331 443 11.3 75273 1115 11.8
664A 02-1288 M C 73331 443 11.9 75273 1115 11.9
648T 03-1288 F C 73331 504 7.9 75273 1076 8.9
663S 04-1288 F C 73331 451 9.5 75273 1123 11.2
6468 05-1288 M C 73331 508 8.2 75050 957 9.8
648A 01-1289 M C 73332 505 8.4- 75274 1178 9.1
6498 02-1289 M C 73332 501 10.9 75274 1174 11.4
662T 03-1289 F C 73332 452 9.8 75274 1124 9.7
657A 04-1289 m C 73332 477 9.6 75274 1150 10.6

EXPOSURE GROUPS:
GROUP I - LUNG BURDEN INCREASED BY .093 Mao (2.5 UCI) 144-CE/KG BCOY WEIGHT EVERY 56 DAYS FOR 13 EXPOSU;
GROUP II - LUNG BURDEN RE-ESTABLISHED AT .33 MBQ (9.0 UcI) 144-CE/KG BODY WEIGHT EVERY 56 DAYS FOR 13 EXI
GROUP III - LUNG BURDEN RE-ESTABLISHED AT .17 M3O (4,5 UCI) 144-CE/KG BODY WEIGHT EVERY 56 DAYS FOR 13 EXI

UCI/KG REPRESENTS MICROCURIES OF RADIONUCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.
SOO/KG REPRESENTS MEGABEQUERELS OF RADIONUCLIDE PER KILOGRAM. OF TOTAL SCOY WEIGHT.

DOSE RATE AND CUMULATIVE DOSE ARE PRESENTED AS FUNCTIONS OF TIME IN DAYS AFTER INHALATItN EXPOSURE.
+ INDICATES THE DOG DIEO BEFORE IT RECEIVED ITV" POTENTIAL INFINITE DOSE.
COMMENT: D, E, OR S INDICATE THE DOG DIED, WAS EUTHANIZED CR WAS SACRIFICED, RESPECTIVELY. PROMINENT FINDING!



, RADIATION DOSE TO LUNG
=.-... ....... =............... ........

DAY) CUMULATIVE DOSE (GY)S...... .......................... DAYS FROM
FIRST

AT 3A5 730 POTENT. TO DEATH INHALATION
DEATH DAYS DAYS INFIN. DEATH DATE TO DEATH COMMENT
..... o. .°... ... . ....... °..... .... .... ..... .°° ° ....... .... °......•°... ° °°..... o° ° --...... ... . . ... ..-.. ...

.0028 130 370 520 520 79240 2091 D-MYELOMALACIA;HEMANGIOSARCOMA,LUNK
130 350 480 480 80275 2491 D-FIBRINOUS PNEUMONIA

.0038 130 370 500 500 79124 1975 D-HEMANGIOSARC.,SPLEEN;SQUAM.CELL CARC.,LUNG

.0017 110 310 440 440 79315 2166 D-PULMONARY INJURY

.065 120 350 480+ 460 77135 1256 0-PULMONARY INJURY
100 260 360 360 85117 4159 D-:NTERSTITIAL PNEUMONIA

.0011 130 350 500 500 80094 2309 D-HEMANSIISARCCt'A,HEART
.00044 110 300 410 410 80263 2478 E-CARCINCf4A,THYROID
.0012 150 380 520 520 80074 2289 D-CARCINCOA,LUNG

170 340 430 430 81254 2838 E-HEMANGIOSARCCMA,TBIN:CARCINOMA,LLWG
160 340 450 450 83019 3333 E-HEMANGIOSARCCMA,SPLEEN

.00035 *80 360 470 470 80092 2310 D-CARCINOMA,LUNG
170 360 470 470 82292 3241 E-CARCINOcA,LUNO;HEMANGIOSARCO4A,TZLN

.00052 180 350 460 460 80211 2429 D-AOENOCARCINOMA,LUNG

.0022 180 380 490 490 79215 2067 C-PNEUMONITIS AND FIDROSIS;B-A-CARCIROMA

.00056 170 340 430 430 80151 2368 D-CARCINOMA,LUNG

.0054 170 370 480 480 79008 1860 0-PNEUM. AND FIBROSIS;B-A-CARC.;HEMAWGIOSARC.,T8LN

.020 190 390 520 520 78071 1558 D-HEMOLYTIC ANEMIA
.0036 87 180 230 230 78279 1772 E-PARVOVIRUS INFECTION

91 200 260 260 81202 2791 E-HEMANGIOSARCOMA,SPLEEN
.00056 93 190 250 250 80032 2255 E-TUMOR,BRAIN

93 200 270 270 84200 3884 E-CCI4BNED CARCINOKA,LUNG;CARCINOSARDCOA,LUNG
.00072 87 180 230 230 79292 2150 E-HEMANGIOSARCOMA,LIVER
.00019 85 210 250 250 80199 2421 D-HEMANGIOSARCOMA,TBLN
.0028 78 160 210 210 78312 1804 E-HEMANGIOSARCC*A,TBLN

84 170 210 210 83139 3457 D-RADIATION PNEUMONITIS AND PULMONARY FIBROSIS
.17 94 190 240+ 190 76010 771 0-BONE MARROW APLASIA

83356 3677 E-THYROID CARCINOMA
86004 4421 0-HEMANGIOSARCc*'A,KIONEY
76288 1052 D-AUTOHEMOLYTIC ANEMIA
88273 5420 D-CARCINOKA,LUNG
75067 466 D-ACCIDENTAL DEATH AFTER NINTH EXPOSURE
88133 5279 E-LYMPHOSARCOCA,LIVCR
83166 3486 D-TRANSITIONAL CELL CARCINCf'A,SLADOER
36209 4625 E-FIBROSARCOMA,ORAL CAVITY
85249 4300 D-PROSTATITIS

:RY 56 DAYS FOR 13 EX;OSURES.
T EVERY 56 DAYS FOR 13 EXPOSURES.
T EVERY 56 DAYS FCR 13 EXPOSURES.

kTION EXPOSURE.

IVELY. PROMINENT FINDINGS ARE INCLUDED.
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A.17 2 3 8 1.uO, Monodkptrse Aerovil (1.5 pm AMA)). Longevity Study

CUMJULATIVE ALPHA RADIATION
o..................o o.o.. o... .........

INHALATION EXPOSURE COSSE TO DEATH (GY)
OOG IDENTIFICATION ...................... L9 (610C) 11.8 (R) ...............................

A.......E w,.......................................... FROM, 1L (VeC) FROM ... .. EC.)
TATTOO AN-EXPT SEX BLOCK DATE DAYS KO RANK UCI/KG UCI ISO/KG KBQ KSO LUNG LIVER SOME LUNG LIVER ECN...... o ....... ... ... o.. o ..... ... o = .... o. .... . ..... o ...... ..... • ..... . ... . .... . ..... .... ... • .... . ...

701A 02-1444 M C 74122 430 9.4 01 1.0 9.3 37. 340. 300 59. 20. 9.6 51. 17. 8.3
857V 01-1742 F J 75343 31;5 9.8 C2 1.0 9.3 37. 340. ,40 57. 15. 7.1 74. 19. ..
7468 02-1548 M G 74253 364 10.3 03 0.87 9.3 32. 340. 780 66. 8.9 4.2 52. 7.1 i.'!
718UJ 01-1484 F F 74169 406 7.5 C,4 0.87 6.1 32. 230. 280 48. 15. 7.4 54. 17. 8.3
726A 02-1490 M4 E 74171 378 11.5 C5 0.80 ;.3 30. 3,0. 260 62. 13. 6.1 47. 4.6 4.7
690S 02.1358 F B 74029 4,,0 t.0 06 0.,0 6.1 T0. 230, 210 1.6. 16. 7.5 41. 14. 6.8
684A 01-1362 M A 74031 417 10.5 07 0.55 5.8 20. 210. 190 33. 13. 6.1 23. 11. 5.1
877C 02-1832 M K 76078 414 13.1 C8 0.52 6.7 19. 2150. 440 32. 2.6 1.2 5S. 4.9 :.!
747S C3-1552 F• H 74255 !66 7.3 C9 0.49 3.8 18. 140. 11• -". 11. 5.3 27. 10. 4.S
726T 03-1484 F F 74.169 376 11 ".0 :..4 -.3 1I. 1-0. 150 '6. 11. 5.3 Z6. 1. 5.3

.6 ,,.Z F " 74255 o 9.6 11 0.41 .9 'I5. 140. 110 2.. 8.2 4.0 19. 6.3 3.1
708T 02-1440 F 0 74170 4C6 7.3 12 0.39 2.3 *1. . I0. 160 Z3. .0O 2.9 35. 9.2 4.4
745A 03-1548 M G 74253 368 7.9 13 0.317 2.9 14. 110. 110 ;Z. 9.0 4.4 22. 9.0 4,.4
707T 03-1444 F 0 74122 412 8.6 14 0.33 2.8 7. 100. r3 20. 8.6 4.2 18. 7.6 3.f
723C 01-1490 M E 74171 3n3 8.7 15 0.32 2.8 12. 100. 100 19. 7.5 3.7 22. 8.5 4.2
158B 02-1746 M 1 75345 395 10.6 16 0.30 3.1 1. 110. 140 17. 5.3 2.6 20. 5.9 4.;
737A 02-1552 m 0 74255 418 13.3 17 0.29 3.0 i1. 110. 89 18. 7.7 3,7 14. 5.9 2.9
861$ 02-1742 F J 75343 380 8.0 18 0.29 2.3 11. p5. 130 17. 4.8 2.3 25. 6.9 3.3
877? 02-1828 F L 74077 413 9.8 19 0.27 2.6 10. 96. z00 16. 6.0 3.0 31. 12. 5.8
858t 02-1744 F J 75144 394 9.5 20 0.27 2.5 10. 93. 24 16. 16. 7.6 4.3 4.3 2.0
7058 01-1444 M C 741.2 416 a.0 21 0.26 Z.1 9,6 78. 67 16. 7.8 3.7 14. 6.7 LkE
880T 01-1828 F L 76076 401 7.6 22 0.25 1.9 9.3 70. 120 15. 5.7 2.8 25, 1.6 4.7
6938 03.1362 M A 74031 383 V.7 23 0.23 2.3 8.5 es. 85 14. 6.6 3.2 14. 6.t6 .2
862A 01-1746 M 1 75345 3A0 8.S 74 0.23 1.9 9.5 70. 96 14. 4.9 2.4 18. 6.4 3.1
860C 03-1746 M l 75345 384 11.0 25 0.21 2.3 7.8 85. 120 13. 5.6 2.7 16. 7.1 3.5
7258 02-1492 M F 74172 379 11.3 26 0.20 2.2 7.4 81. 96 12. 6.6 3.2 13. 6.9 3.3
699A 01-1440 m C 74120 434 8.3 27 0.19 1.5 7.0 56. $1 11. 4.7 2.3 15. 6.6 3.2
685A 03-1358 M A 74029 415 10.0 Z8 0.19 1.9 7.0 70. 70 12. 5.9 2.9 12. 6.2 3.0
692S 01-1358 F a 74029 3%4 8.3 29 0.18 1.5 6.7 56. 52 11. 6.4 3.1 11. 6.0 2.9
691S 03-1360 F a 740i0 399 13.0 30 0.17 1.7 6.3 63. 63 8.1 4.9 2.4 8.6 5.2 2.5
715C 02-1484 M E 74169 422 9.6 31 0.15 1.4 5.6 S?. I00 9.0 5.1 2.4 '8. 10. 3.9
725T 02-1466 F F 74170 377 11.2 32 0.15 1.7 5.6 63. 74 9.3 4.7 2.3 11. 5.5 2.7
876A 03-1828 M K 76077 421 1,7 33 0.13 1.5 '.8 56. 100 7.7 2.8 1.4 13. 4.6 Z.3
704U 03-1440 F 0 741?0 415 8.8 34 0.12 1.1 4.4 41. 78 7.5 2.6 1.3 14, 4.8 2.3
875A 03.1832 M K 76078 427 13.2 35 0.11 1.5 4.1 56. 8s 6.9 2.9 i.4 8.7 3.7 1.8
745T 01-1554 F N 74256 371 9.1 36 &.10 0.87 3.7 32. 44 9.7 8.0 4.0 7.7 6.4 3.2
746A 01-1550 M 5 74254 365 8.7 37 0.0(0 0.,0 3.3 30. 41 5.7 4.2 2.0 7. 5.9 Z.8
875S 01-1832 F L 76078 4Z7 10.7 38 0.090 1.0 3.3 37. 85 5.7 2.5 1.2 12, 5.3 1.6
692•1 02-1362 F a 74031 38P6 6.3 39 0.090 0.53 3.3 20. 31 5.3 4,1 2,.0 5.3 4.1 7.2
8773 03-1834 M K 76079 415 11.4 40 0.010 1.0 3.3 37. 59 5.4 2.7 1.3 11, 5.4 2.1
718V 03-149J F F 74171 4ý08 7.9 41 0.080 0.63 3.0 23. 41 4,9 3.4 1.6 7.8 6.2 3.1
87vS 01-1830 F t 76077 4.;1 9,7 42 0.070 0.73 2.6 27. (-8 4.6 I.S 0.90 al.1 3.Z I.4
6859 03-1344 M A 74032 4'13 9,4 43 0.070 0.67 2.6 ZS. 33 4.5 3.3 1,6 4.9 3.6 1,7
738A 03-1550 N G '4254 410 10.4 44 0.070 0.73 2.6 2.7. 31 4,4 2.1 1.3 4.5 3.4 1.6
8608 03-1744 m I n 344 383 10.7 45 0.060 0.61 2.2 '3. 31 3.6 2.7 1.3 5.3 3.1 i.8
70U8U 02-1446 F 0 74123 4 9 7.4 46 0.060 0.42 .. 2 16. 30 3,6 3.8 1.8 A.0 8.9 •.0
744U 01-151,8 F N 74753 376 7.8 47 0.060 0.44 2.2 16. 23 3.5 1.8 0.90 7.9 4.1 :.0
857X 01-1748 F J 75346 398 9.3 48 0,060 C.51 2.2 19. 41 3.Z 2.4 1.1 7.3 5,7 2.7
8748 03-1830 M K 76077 4;1 14.3 49 0.050 0.59 1.9 22. 37 3.0 2.0 1.0 5.0 3.5 1.7



CUMULATIVE ALPHA RAOIATICN
.. . .......... o................

DOSE TO DOATH (GY)
................................. OAYS
H ILB ((,"C) FROM *"LS (R.EC.) DFATH TO

LIVEP S3NE LUNG LIVER BONE DATE DEATN COMMENT
-... -..... .... ..... o .... ..... ..... .......... ......... ....... . ................... . .

20. 9.6 51. 17, 8.3 78012 1351 E • OS T Cý,P Cre., wl PUS
15. 7.1 74. 19. 9.2 78344 1597 OA1,bl 71S A -, lrNAY F1S600,1
8.9 4.2 52. 7.1 3.4 76315 772 O-wtN:IIS AND r~CUkm¢AQY $IS-)IS
15. 7.4 54. 17. 8.3 77355 1;82 E-OST.AC.,V"B. VfRT.;CAP.I'cO'A,Ll-'4
13. 6.1 47. 9.6 4.7 77182 1157 E -PN U`.% . AND PlJL. II;R ,)S. ; ,AýC, ,' I
16. 7.5 41. 14. 6.8 Ml . 1Z 3t1 jt t P32 r 2fAA r v A Nz I tA. v1I ;

13. t.2 a2. 11. 5.1 780 73 I10 F.,-0 T2SI A 'C.,A-C .T . T.: RT . C. , U2.(I}

2.6 1.2 55. 4.5 2.1 77248 k36 O.PNF?,Yl:N,1IS W), v L-¢hL.f ¶IE•051
11. 5.3 27. 10. 4.9 722775 1481 D-CW!-`A.LtV,
11. 5.3 26. 11. 5.3 77,W 3 16ý1 t-S f %• '.o? ' .:C : , S
8,2 "-.0 19. 6.3 3.1 78171 1377 ••C, ;; •,.,:*i•.

6-0 2.7 35. 9.2 4.4 77128 11"4 - ti.0 '* ,. FI86 C5 .
9, 0 '..4 22. P.0 4.' 7^1545 i',18 j -C. :,IA, F - Q W *.. r , o
&.6 4.2 18. 7.6 3.8 7"039 i7,43 F, OSTr ¢!" • , w,ý; C".T
7,5 3.7 22. 8.5 4.25 7827,3 %33 - .:

5.3 2.6 20, 5.9 2.9 72129 14"5 r,, ,tr rwA SA;;' rCAOCl 'AA LN.
7.7 3.7 14. 5.9 3.9 91973 1747 ATrN I.&L1.V;T '.O [.'4SL1M
4.8 2.3 25. 6.9 3.3 790,47 1165 E.VF;!'t(.•At v 1;A
6.0 3.0 31. '2. 5.8 ,0133 1517 F- V:ýN ; ,wQ,'13

1,ý. 7.6 4.3 4.3 2.0 87016 L o45 E.$ARC3-A, SltI r tI'rNTM4O
7.8 3.7 14. 6.7 3.2 7"55 1 E.c"r:3h;, A, 1. ,4.r. 9A40 WV-MtQu3

5,7 Z.8 2:. 9.6 4.7 801?" 1514, ( -r.k lE 3 i•,,12
6.6 3,2 14. 6.6 3.2 7;:3 P 3A , ol.*' 0 "1 S
4.9 2,4 18. 6.4 3.1 793-t6 1,72 0 .T1 V, A A. C 5, L 7
5.6 2.7 'i. 7.1 3.5 e,3G 5,4 1785 E -(CS II C' ,• WA, r!V Vt;
6.6 3.21 137. 6.9 3.3 po0276 2295 E 6 7f'.A~ R' ýA, 01 - V!A
4.7 2.3 1. 6.6 3.2 7;010 1716 0 • CS .1 T f C A C C• 4 'A
!.9 2.9 12. 6.2 3,0 7" sI c078 E - 1 ff" A; C >,A, T ' ¢ "! , roA, L04r,
6.. 3.i 11. 6.0 2.9 8P(2154 2416 r" -F I W1, A "':#.A, L I .'1 R
4.) 2.4 8.6 5.2 2.5 111019 "546 t- rSTF A';.ffiA,t13
3.1 2.4 18. 10. 3.? 8032.,4 ;16 E-c5.TT¢A•PC'IA,sw .; AN0 ýS(UL
4.7 2.3 11. 5.5 2.7 E5078 C049 t.SC4N: TIVO,ýý,,rc"
2's i.4 13, 61,6 2,3 eýý114O 1-4L4 i • f•CNr ,:'.,f
2.4 ..4 13. 4.8 2.3 785l72 14443 I- !,C ry ' .1,

Z.9 1.', 1.7 3.7 1.8 • 3,5305 1U,,8 .. r. 1M A V T 110
P-0 4.0 7.7 6,4 3.2 804116 35,12 .O01r..,r,,I.N
4.2 2.0 7.8 5.9 2.3 301, 3131 0 ,wASt (Fl U :. 1P

Z4. 1.2 12. 5.3 2.6 81016 17A5 t .-0"3F1 CýAa :'t A, I t ,I
4.1 2.0 5.3 4,1 2.2 t3C7 334.-3 t-CSV'CAL 'itf. L?
2.7 1.3 11. 5.4 2.1 81V !02 ^r r .r E L(CS Ar:.,WA .Pf I v.
3.4 1 .4 7.8 6.2 3.1 n2183 2-14 E-C, t C I I WA, S A(PM
1.8 0.2) 3 , 3.2 1.4 ' 7. ,;3'8 E -rji t ¶,l, TO
3.3 1.6 4.9 3.6 1.7 8'274 311M E-Ot.frOAXC., :U'c .1 ,• 4•AI VTlT oL
2.1 1.3 4.5 3.4 1.6 871 Z 77•8 E I-t. vIwA,)f2 1 F 9.A1,,L1
2.7 1.3 5.3 3.9 1.8 r* ,35 317, - ," A C.,0Ikr1 VA
3,1 1.3 9.0 8.9 4.0 1',C43 ,03 r -.' I f )t OI'.u, ; "A, L'4 .
¶ 3 0.90 7.9 4.1 2.0 :', 4 217f F-UtC1LCATl'r ILrtl:,.
J.•, •.i 7.3 5.7 2.7 .., 3230 -r r" AI ., r A, ;3 fA1","A,

Z c 1. 5 .0 3.5 1.7 84;, .' Z$ 7 E.- l, '. fc " pr.:"A, ,

£,,• 160



A.17 2 3 8 PuO 2 Monodiperse Aerowl 41.5 #m AMAD)), LUngevity Study (continued)

CULIULATIVE ALPHA RAOIATION
. . ....o °o .o. o~.. .... ........ °°.o......

INHALATION EXPOSURE DOSE TO DEATH (GY)
DOG IOENTIFICATION ...................... ILB (%.C) ILB (R) .....................................
S.................... ACE WT ...................................... FROM ILS (WBC) FROM IL8 (REC.)

TATTOO AN-EXPT SEX BLOCK DATE DAYS KG RANK UCI/KG UCI K8QIgG •80 KSQ LUNG LIVER BOWNE LUNG LIVER SONE
.. .. ..... .° °. ... ° ..... .... .... .°...°.. . ...... ...... ......o o... .. ° ...... ..... ..... ........ °. ....

704T 01-1446 F D 74123 418 9.5 50 0.050 0.45 1.9 17. 26 2.9 1.8 0.90 3.2 2.0 0.9
705A 01-1442 M C 74121 415 10.5 51 0.050 0.49 1.9 li. 37 ? Q 2.4 1.0 5.3 4.6 2.2
694A 02-1360 m 4 74030 3-0 11.3 52 '.0-3 0.53 1.9 20. 41 2.8 2.3 1.1 5.3 5.0 2.2
6oel U3-1742 F J 75343 378 6.8 53 0.040 0.28 1.5 10. 2.3 3.1 1.4
746S 02-1554 F H 74256 367 10.9 54 0.040 0.42 1.5 16. 32 2.5 2.1 1.1 4.9 4.6 2.1
723A 01-1486 K E 74170 38? 11.2 55 0.030 0.39 1.1 14. 31 2.2 1.5 0.70 4.3 3.5 1.6
694S 02-1364 F B 74032 372 9.7 56 0.030 0.33 1.1 12. 32 2.2 2.8 1.3 5.7 7.3 3.3
8590 03-1748 m I 7I346 387 10.7 57 0.030 0.27 1.1 10. 1.6 1.9 0.90
872V 01-1834 F L 76079 443 8.9 58 0.020 0.19 0.74 7.0 1.3 1.0 0.50
726S 03-1492 F F 74172 379 8.5 59 0.020 0.17 0.74 6.3 20 1.3 1.4 0.70 4.1 4.5 2.1
858A 01-1744 m 1 75344 394 10.2 60 0.020 0.19 0.74 7.0 1.2 2.0 0.90
7038 02-1442 M C 74121 421 9.6 61 0.020 0.19 0.74 7.0 24 1.3 1.6 0.70 4.4 5.6 2.5
634S 01-1360 F B 74030 416 10.1 62 0.320 0.17 0.74 6.3 23 1.1 1.2 0.60 3.8 4.6 Z.1
724S 01-149Z F F 74172 3!0 9.1 63 0.020 0.15 0.74 5.6 24 1.1 1.2 0.60 4.4 5.1 2.3
877S 02-1830 F L 76077 413 10.7 64 0.010 0,15 0.37 5.6 23 0.90 0.90 0.40 3.6 3.6 1.7
725A 03-1486 14 E 74170 377 10.6 65 0.010 0.14 0.37 5.2 0.80 1.1 0.50
685C 01-1364 m A 74032 418 9.6 6o 0.010 0.19 0,37 7.0 17 1.3 1.2 0.60 2.9 3.0 1.4
6.605 02-1748 F J 75346 M15 10.2 67 0.010 0,11 0,37 4.1 25 0.70 0.70 0.30 4.1 4.3 2.0

747A 02-1550 N G 74254 365 8.3 68 0.010 0.070 0.37 2.6 18 0.60 0.60 0.30 3.7 4.0 1.8
701C 03-1446 m C 74123 431 8.8 69 0.010 0.070 0.37 2.6 0.50 0.80 0.40
700V 03-1442 F 0 74121 407 8.2 70 0.010 0.050 0.37 1.9 0,40 0.60 0.30
744T C!... F H 74,." ,77 7.. 71 0.010 Q.441 "'-7 1.51.W .00 0.30 .6.
8758 02-1834 P4 K 76079 420 11.4 72 0.003 0.030 0.11 1.1 0.20 0.30 0.10
6897) 02-1378 F B 74038 415 9.1 C
694C 01-1378 m A 74038 378 7.9 C
704A 02-1432 M C 74113 4C8 10.2 C
705S 01-1432 F 0 74113 407 5.5 C
721A 01-1418 M E 74170 384 13.0 C
725S 02-1488 F F 74170 377 10.1 C
733C 01-1556 M G 74263 419 9.6 C
745S 02-1556 F H 74263 373 9.6 C
859C 02-1754 m1 715344 385 11.3 C
860? 01-1754 F 1 75344 383 9.2 C
874U 01-1815 F L 76078 429 9.4 C
8768 02-1835 14 K 76078 422 11.4 C

UCI/KG PEPRESFNTS mICgocut#7s Or PAOIONUCLICE PER KILCCRAM Of TOTAL BODY .EICHT.
KBO/KG REPRESENTS KILC1EZJERELS Of ADIONJUCLI•E PER XILOGRAM Of TOTAL BOOT WtEICAT.
DOSE RATE AND CVIjULATIVT COSE ARE PrQFSCNT1 AS FUNCTICNS 00 TIRE IN DAYS AFTER INHALATION (WPOlugf.
COMXENT: 0, E, OR S INDICATE THE 00r DIED, WAS EUITAH2IE0 OR AS SACRIFICE0 RP.SPfCTIVELY, PQOHtNENT FINOINGS AQE INCLLt

(I) Sir.IFIES AN IWIDNTAL FINO;NG WHICH WAS NOT IMMEDIATELY LlFf-TSFATEIINC.
CAUTION: THE RECONST;UC•ED INITIAL LUNC OURormS, DENOTED BY (R) ANDO (EC) IN T4IS TAGILE RAY RC TOO NIGH g(CAUSE Or CURRENT A

THIS MAY LEtO TO CALCULATED ORGAN DOSES TWAT ACE TOO MIGH. THIS PROGLEM IS ESPECIALLY P0PORTANT FOR COGS IN TYE

C)



IVE ALPHA RADIATION

E TO DEATH (GY)
.... ... ... .... ... ... DAYS

ý.` c ) FROM4 118 (Qct..) DEATH TO
BONE Ll*'ý LIVER BONE DATE DEATH Ce *MME NT

0.90 3.2 2.0 0.9 81163 2597 0-ACCIDENTAL CEATH
1.0 5.3 4.6 2.2 83010 3176 E-OSyEC)-APCOtATlMOQ. ýERT. Til
1.1 5.3 5.0 2.2 83270 3527 D-UNOET'IM1NED
1.4 88218 4623 E-CHCýD;OSAPC..L!VFR;CSTECSAPC3IMA,SCAPULA
1.1 4.9 4.6 2.1 85043 U05S E-SESRC.,fý,;IRSRC',IE
0.70 4..3 3.5 1.6 82260 3012 E-0STEC.SA'ýCC^ýA.SCAPOLA
1.3 5.7 7.3 3.3 870,86 4802 E-LIVIR (7PAT-CCELLULAR CARCINOM'A
0.90 E8358 4760 E-PELCNEPW91TIS
0.50 84.276 3119 E-C3TEOCAHCC

M
-A,SACR'Y;FIS1CSA;C.,LIVER

0.70 4.1 4.5 2.1 86168 4379 CsCSHtANEc:TL%
0.90 910810 5589 E*MyELCnCLIFEPAT~vE DISEASE
0.70 4.4 5.6 2.5 87131. 4761 E.FIs;CSAPCCM,b0.NE
0.60 3.8 4.6 2.1 86183 4536 D8CCJEcI
0.60 4.4 5.1 2.3 86204 4415 E -C A 0C I N41A ,L; 4C
0.40 3.6 3.6 1.7 87054 37;15 E-CSTfCSA9CCMA,6ENE
0.50 e8099 S5042 ECA;Clt..CA,11VWEQ;..,,¶CINC*.A,LL4G
0.60 2.9 3.0 1.4 85120 4116 E £PELA %,-#-A,MIJ T H
0.30 4.1 4.3 2.0 87128 4164 E-O~tEOSA$cc.wA,aCNE
0.30 3.7 4.0 1.5 E6093 4222 0-CARCINC'.A,1?ESTINSE
0.40 89338 5694 S-w0CA -O1 8(~~UTIS

11,89100 5458 ý-()Eý4fRATIVE J014T GISEASE;B.A. CARC.
Q.A84298 3694 E-'WAST LELLI. CRP,"UT4

0.10 1C088 5123 E-~~CNfppýITIS
87036 4746 F-CA2CiCP4A.LLNS
9,00773 5879 EAl.~.PIII!TARY
87254 4889 E.-4AST CELL TLY-CR I'AV
77241 1224 £.t'ALASSQPTIC4N Symrv.'cME
76260 INZ 0D-t 1tC Cf % P01A I-Z C-.A C fA

87015 451ý 0-CA4CPN3'Aj LA0SCR

89329 5546 (-ChRrhIC NEPWR!IS
89038 5254 E-CYPcWIC INTERMTITAL NEPýIIT:S
87196 4M3 E -C A PCIWA, LU)h5
87315 i.35$ E -A3ECswA, P ITUI TARY; 5RC(WOPEV1CN tA, LUNG
8,6241 3316 E -r.19;c ,!s , L IvFR
90080 5116 O-ANEST)ýTIC DEATH

OMI~NEV FINDING1 AP! INCLL'OED.

*X HIr4 SECAu3E OF C! R2C-IT ANALYTICAL. PAD!CCMINICAt PPC;LEMS.
* MP9TAIIT Gc 0OrS IN 1rýE 1,f EXP-OSUPE LEE#TlS
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A.I8 2 3 1PuO2 Monodisperse Aerool (3.0 pm AMAD), Longevity Study

CUMULATIVE ALPHA RA

INHALATION EXPOSURE IL8 (WBC) ILB (R) DOSE TO DEATH
DOG IDENTIFICATION ....................................................................................
................... AGE WT FROM ILB (W8C) FRO
TATTOO AN-EXPT SEX BLOCK DATE DAYS KG RANK UCI/KG LUl KBQ/KG KBO K80 LUNG LIVER BONE LUN
...... . ...... . .. .. ...... o.. .. ..... . ..... ...... . . . ° ... .. .... . .. - - ... . ...... .... ...

6677 01-1306 F 8 73347 433 7.1 01 1.50 11. 56. 400. 310. 120. 28. 13. 92.
710C 02-1460 M E 74143 427 8.7 02 1.30 11. 48. 420. 360. 86. 9.6 4.8 70.
736A 02-11540 M 6 74249 -ý14 10.1 03 0C.3 9.3 34. 340. 380. 48. 17. 8.0 53.
667S 03-1306 F 8 73347 431 10.3 04 0.93 9.3 34. 340. 280. 48. 21. 9.8 37.
6748 03-1302 m A 73345 403 9.4 05 0.80 7.3 30. 270. 220. 42. 21. 10. 35.
866A 02-1814 m K 76062 441 12.3 06 0.80 9 - 30. 350. 510. 41. 16. 7.6 58.
696A 03-1428 M C 74113 433 10.8 07 0.73 E % 27. 300. 240. 40. 18. 8.7 31.
849S 02-1720 F 1 75324 424 8.2 08 0.65 5.3 24. 200. 200. 34. 12. 5.3 33.
7315 01-1540 F H 74249 437 6.5 09 0.60 3.9 22. 140. 140. 32. 11. 5.1 32.
711S 01-1456 F F 74141 423 7.2 10 0.58 4.2 21. 160. 160. 31. 15. 6.9 31.
703S 01-1436 F 0 74115 415 7.5 11 0.53 3.9 20. 140. 93. 28. 13. 6.3 17.
736S 03-1538 F H 74247 412 7.9 12 0.52 4.1 19. 150. 300. 39. 7.3 3.5 74.
696S 03-1436 F 0 74115 435 5.4 13 0.44 2.4 16. 89. 78. 24. 12. 5.5 21.
682V 02-1302 F B 73345 373 8.3 14 0.41 3.4 15. 130. 130. 22. 10. 4.9 21.
8528 01-1720 m 1 75324 409 10.3 15 0.41 4.1 15. 150. 160. 21. 11. 5.3 17.
716T 02-1456 F F 74141 393 8.8 16 0.41 3.6 15. 130. 140. 22. 9.2 4.4 23.
674A 01-1302 m A 73345 404 10.6 17 0.39 4.2 14. 160. 140. 21. 9.8 4.7 19.
6808 02-1306 m A 73347 393 10.0 18 0.39 3.9 14. 140. 89. 22. 13. 6.5 13.
695A 01-1428 i C 74113 442 12.4 19 0.38 #4.7 14. 170. 130. 21. 12. 5.7 16.
865S 01-1814 F L 76062 442 7.2 20 0.38 2.7 14. 100. 130. 20. 10. 4.8 30.
6978 02-1436 M C 74115 430 12.7 21 0.34 4.3 13. 160. 110. 18. 5.1 2.5 12.
708A 03-1456 M E 74141 427 11.0 22 0.32 3.5 12. 130. 130. 17. 7.1 3.4 18.
867A 01-1818 m K 76064 432 12.4 23 0.31 3.9 11. 140. 170. 17. 8.0 3.8 Z0.
846A 03-1720 M 1 75324 431 12.7 24 0.29 3.6 11. 130. 130. 15. 6.2 2.9 11.
7158 03-1460 M E 74143 396 9.8 25 0.23 2.2 8.5 81. 89. 2.1 6.1 3.0 13.
730S 01-1542 F H 74252 442 10.6 26 0.21 2.3 7.8 85. 85. 17. 6.9 3.3 18.
870V 03-1814 F L 76062 426 11.7 27 0.21 2.5 7.8 93. 140. 12. 6.0 2.9 20.
733A 04-1538 M G 74247 431 9.9 28 0.18 1.8 6.7 67. 110. 9.5 3.3 1.6 16.
736E 02-1538 m G 74247 412 9.4 29 0.17 1.9 6.3 70. 130. 11. 3.5 2.6 19.
8468 02-1716 m I 75322 429 9.6 30 0.17 1.7 6.3 63. 70. 9.6 5.1 2.5 7.i
715A 02-1462 M E 74144 397 8.8 31 0.17 1.5 6.3 56. 56. 9.5 5.8 2.9 8.1
678T 01-1304 F 8 73346 398 8.1 32 0.17 1.4 6.3 52. 48. 9.6 7.3 3.5 10.
848S 01-1722 F J 75325 427 9.6 33 0.16 1.5 5.9 56. 28. 8.9 8.1 3.8 4.!
8691 03-1818 F L 76064 431 7.5 34 0.13 1.0 4.8 37. 63. 7.2 4.1 2.0 13.
6960 01-1438 m C 74116 436 6.7 35 0.13 0.93 4.8 34. 41. 7.8 6.0 2.9 9.4
714U 01-1460 F F 74143 402 6.6 36 0.11 0.67 4.1 25. 41. 5.9 5.5 2.7 9.!
674C 02-1308 M A 73348 407 10.! 37 0.090 1.0 3.3 37. 44. 5.7 5.5 2.6 6.1
680A 03-1308 m A 73348 394 11.5 38 0.090 1.1 3.3 41. 44. 5.3 3.6 1.7 s.!
8481 01-1716 F 1 75322 424 7.7 39 0.090 0.73 3.3 27. 41. 5.4 4.8 2.3 8..

8650 02-1818 M K 76064 444 10.2 40 0.090 0.87 3.3 32. 52. 4.8 3.5 1.7 8.;
874A 02-1820 m K 76065 416 13.3 41 0.070 1.0 2.6 37. 59. 4.7 3.2 1.6 9.;
702S 03-1434 F 0 74114 415 8.1 42 0.070 0.60 2.6 22. 37. 4.2 4.0 1.9 5.i
846C 03-1718 m 1 75323 431 9.2 43 0.070 0.73 2.6 27. 41. 4.5 4.5 1.8 6.1
711T 01-1458 F F 74142 424 6.5 44 0.070 0.49 2.6 18. 35. 4.4 4.6 2.3 8.!
733S 02-1542 F H 74252 436 8.8 45 0.070 0.67 2.6 25. 37. 4.4 4.9 2.3 6.1
8548 01-1718 M I 75323 396 7.6 46 0.070 C.51 2.6 19. 33. 3.9 4.0 1.8 6.f
856T 03-1716 F J 75322 378 5.8 47 0.070 0.40 2.6 15. 30. 3.9 4.0 1.8 8.c
869U 02-1816 F L 76063 430 8.4 48 0,060 0.52 2.2 19. 37. 3.3 1.9 1.5 6.2
735C 04-1540 M G 74249 424 10.5 49 0.060 0.58 2.2 21. 35. 3.2 3.6 1.7 5.;

C



CUMULATIVE ALPHA RADIATION
°.°...................................

DOSE TO DEATH (GY)

S...................................... DAYS
FRO•H ILB (W8C) FROM ILS (REC.) DEATH TO

LUNG LIVER BONE LUNG LIVER BONE DATE DEATK COMMENT

120. 28. 13. 92. 22. 11. 77099 1213 D-PIJEUMCNITIS AND PULMONARY FIBROSIS
86. 9.6 4.8 70. 7.8 3.9 76044 631 E-PNEUMONITIS AND PULMONARY FIBROSIS
48. 17. 8.0 53. 18. 8.8 77334 1181 E-OSTEOSAR.,LUM. VERT.;CARCINOMA,LUNG
48. 21. 9.8 37. 16. 7.6 77318 1432 E-OSTEOSA;C.,CE;V. .
42. 21. 10. 35. 17. 8.3 78202 1683 D-PNEUM. AND PUL. FIBROS.;CARC.,LUNG(I)
41. 16. 7.6 58. 23. 11. 79285 1319 E'CARCINC#4A,LUNG
40. 18. 8.7 31. 14. 6.7 78180 1528 E-OSTEOSARCCPA,HUMERUS AND PALATINE
34. 12. 5.3 33. 11. 5.1 79047 1164 E-OSTEOS4RCCvA,THCR. VERT. AND SACRUM
32. 11. 5.1 32. 11. 5.1 77314 1161 E-OSTEOSARCCMA,TISIA AND FEMUR
31. 15. 6.9 31. 14. 6.8 78223 1543 E-OSTEOSARCCMA,ILIUM
28. 13. 6.3 17. 8.1 3.9 78222 1568 E-cSTEOSAPCOMA,LUMSAR VERTEBRAE
39. 7.3 3.5 74. 14. 6.7 77117 966 D-PNE!Th4. AND PUL. FiBR0S.;CARC.,LUNG(I)
24. 12. 5.5 21. 10. 4.8 78264 1610 E-OSTE0SA;CCMAHUECRUS
22. 10. 4.9 21. 9.9 4.7 78069 1550 E-OSTEOSARCOMAjLL8•AR VERTEBRAE
21. 11. 5.3 17. 8.8 4.3 80205 1707 E-SCNE IYOCRS,T8 AND C7
22. 9.2 4.4 23. 9.7 4.7 78C96 1416 E-CSTEOSARCCMA,ISCN1lM AND ILIUM
21. 9.8 4.7 19. 8.7 4.2 78075 1556 E-OSTEOSARC.,CERV.VERT.,SCAP.;CARC.,LLWG
22. 13. 6.5 13. 7.8 3.9 79299 2143 O-CARCINCMA,LUNG
21. 12. 5.7 16. 9.3 4.5 79,05 1918 D-OSTEOtAPCCMA..HMERI
20. 10. 4.8 30. 15. 7.2 802,3 1672 E-BONE iU'4CRSL4,ILI'U,SCAP.;CARC.,LUNG
18. 5.1 2.5 12. 3.5 1.7 77144 1125 E-OSTEOSARCf'A,CERVICAL VFRTFgRAE
17. 7.1 3.4 18. 7.3 3.5 ý3O89 14 09 E-OSTEC"SARCMA,THC0ACIC VERTEBRAE
17. 8.0 3.8 20. 9.2 4.4 E0191 158? E-.ONF TL",CYSH 'ERI
15. 6.2 2.9 11. 4.6 2.2 79235 1372 E-OSTEOSA;CC,'AT8CVACIC VERTEBRAE
2.1 6.1 3.0 13. 6.4 3.1 7^016 ler9 E-OOTEOSARCC`MA,SUMERUS

17. 6.9 3.3 18. 7.2 3.4 80038 1977 O-PNEUMONITIS
12. 6.0 2.9 20. 11. 5.0 8C330 1729 E-O3TECSAOCC•A,FMLR:CLTCIN0eCLUtNG
9.5 3.3 1.6 16. 5.5 2.7 77353 12C2 E-OSTEOSARCOMA,SACz!.MSTERNL'M PhD FEMUR

11. 3.5 2.6 19. 6.0 4.5 79101 1680 E-OSTECSA9OMA,'tUMSRUS
9.6 5.1 2.5 7.9 4.2 2.0 80274 1778 E-GONE TL-2RS,HU"EFUS
9.5 5.8 2.9 8.8 5.4 2.7 80129 2176 t-'CNE TvYOR,$UvmPUS
9.6 7.3 3.5 10. 7.8 3.6 81161 2737 D-OSTEOSARC.,H,-flRI,T6-TI2;CARC.,LUN0ý
8.9 8.1 3.8 4.5 4.0 1.9 85123 3451 E-OS'EOSAICOMA,Fut;R;CAPCIN'rMA,LLNG
7.2 4.1 2.0 13. 7.3 3.6 81210 1973 E-OSTE0SAýCiA,2,iI. L2
7.8 6.0 2.9 9.2 7.5 3.6 82152 2958 E.OBSloýARCOKA,FRcNTAL SCNE
5.9 5.5 2.7 9,5 8,5 4.1 84023 3532 -OSTCOSARC.,SCAP.,4'.JER.;B.A.CARC..LLNG
5.7 5.5 2.6 6.8 6.8 3.1 84072 3741 E-OSTE0SRCrfAVUElUS
5.3 3.6 1.7 5.3 3.6 1.7 80177 2385 E-CSTECSAPC•yA,L6;CARCINO4A,'LUNG
5.4 4.8 2.3 8.1 7.1 3.4 85022 3353 E-OSTECýAlCCWA,Pii
4.8 3.5 1.7 8.7 5.4 2.6 83131 Z624 E-KILNCY ATPCP4Y
4.7 3.2 1.6 9.2 7.1 3.4 83343 2835 E-OSTEOSA9C.,VERT. L6;ADEN(O'.ARC.,LUNG
4.2 4.0 1.9 5.7 5.4 Z.6 84n74 3612 E-OStt)A•%14A,!C•fULA
4.5 4.5 1.8 6.8 6.2 3.0 85290 3620 D-CCAPDIAL ýECEGWEATICN,HEART
4.4 4.6 2.3 8.5 8.9 4.2 85166 4042 D-CARCIN').A.,'&ýG
4.4 4.9 2.3 6.6 6.9 3.3 S523A 4C54 E-CAROCINCrA,LING
3.9 4.0 1.8 6.6 6.2 3.1 86116 3S31 E-OSTEfyARCCf4A,BOE
3.9 4.0 1.5 8.0 7.5 3.8 86108 3004 E-STEOPROCC•A,ACNE
3.3 1.9 1.5 6.2 3.5 2.9 81138 1;02 D-FPIEPSy
3.2 3.6 1.7 5.2 5.6 1.9 56100 4234 E-CARC:NOrA,tUN
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A.18 23 8 PuO 2 Monodisperse Aerosol (3.0 pm AMAD), Longevity Study (continued)

CUMULATIVE ALPHA RADIATION

INHALATION EXPOSURE ILS (WUC) ILS (R) DOSE TO DEATH (GY)
DOG IDENTIFICATION ...................... ............................... ....... .................................

.................. AGE WT FROM IL8 (WSC) FROM ILS (RI
TATTOO AN-EXPT SEX BLOCK DATE DAYS KG RANK UCI/KG UCI K8Q/KG KSQ KSQ LUNG LIVER BONE LUNG LIVER
.... o... .. o..... .... . .... ..... .... . ... .... ...... . .... ..... . .... ..-- -. .. ... ... 0. ° ..... . .... .....

732A 01-1538 M G 74247 434 11.0 50 0.060 0.61 2.2 23. 48. 3.1 2.1 1.0 6.6 4.2
697A 03-1438 M C 74116 431 10.4 51 0.050 0.55 1.9 20. 37. 3.1 3.8 1.7 5.6 6.0
680T 03-1304 F B 73346 392 6.7 52 0.050 0.31 1.9 11. 24. 2.7 2.8 1.4 3.6 4.3
705C 03-1458 M E 74142 436 9.3 53 0.040 0.40 1.5 15. 26. 2.4 2.0 0.90 4.0 3.2
872S 01-1820 F L 76065 429 11.3 54 0.040 0.46 1.5 17. 35. 2.3 2.1 1.0 4.7 4.2
697S 02-1434 F D 74114 429 8.0 55 0.040 0.31 1.5 11. 21. 2.2 1.9 0.90 3.2 2.7
715S 01-1462 F F 74144 397 7.2 56 0.040 0.26 1.5 9.6 27. 2.1 2.9 1.4 5.8 8.1
704S 02-1428 F D 74113 408 9.5 57 0.040 0.34 1.5 13. 26. 2.1 1.9 0.90 4.0 3.8
857S 02-1722 F 1 75325 377 11.8 58 0.030 0.40 1.1 15. 21. 1.8 0.80 0.40 2.5 1.1
714S 03-1462 F F 74144 403 8.4 59 0.030 0.25 1.1 9.3 21. 1.7 1.8 0.80 3.9 3.7
734S 03-1542 F H 74252 435 9.8 60 0.030 0.26 1.1 9.6 23. 1.6 1.6 0.70 3.6 3.8
8718 01-1816 M K 76063 427 12.1 61 0.020 0.26 0.74 9.6 1.2 1.7 0.80
6798 01-1308 M A 73348 396 9.2 62 0.020 0.18 0.74 6.7 25. 1.1 1.4 0.60 4.3 5.6
8658 03-1816 H K 76063 443 12.4 63 0.020 0.22 0.74 8.1 1.0 1.4 0.60
849C 02-1718 M 1 75323 424 9.9 64 0.020 0.17 0.74 6.3 17. 1.0 0.80 0.40 2.6 2.0
856S 03-1722 F 1 75325 381 8.9 65 0.020 0.15 0.74 5.6 1.0 1.4 0.60
7328 04-1542 M G 74252 439 11.2 66 0.020 0.19 0.74 7.0 20. 0.90 0.50 0.30 2.6 1.5
680S 02-1304 F 8 73346 392 7.9 67 0.020 0.13 0.74 4.8 21. 0.90 1.4 0.60 4.3 6.1
699S 02-1438 F 0 74116 430 9.1 68 0.020 0.14 0.74 5.2 24. 0.90 1.2 0.60 4.1 5.8
734T 03-1540 F H 74249 432 9.4 69 0.010 0.13 0.37 4.8 20. 0.80 0.90 0.40 3.4 3.6
870T 03-1820 F L 76065 429 9.2 70 0.010 0.11 0.37 4.1 9.3 0.70 0.50 0.20 1.5 1.0
6970 01-1434 m C 74114 429 10.2 71 0.010 0.080 0.37' 3.0 18. 0.50 0.50 0.20 2.8 3.0
708C 02-1458 m E 74142 428 7.8 72 0.010 0.040 0.37 1.5 0.30 0.60 0.20
679S 02-1309 F 8 73348 396 7.4 C
681E 01-1309 m A 73348 381 9.5 C
696C 01-1430 M C 74113 433 8.3 C
702U 02-1430 F 0 74113 414 8.9 C
710A 02-1472 m E 74150 434 11.4 C
718T ni- 1472 F F 74150 387 7.4 C
7368 01-1536 M G 74241 407 10 5 C
733T 02-1536 F H 74242 426 7.5 C
848A 02-1724 m 1 75329 431 8.8 C
857U 01-1724 F J 75329 381 9.4 C
870U 01-1823 F L 76063 400 10.0 C
871A 02-1823 N K 76063 400 10.0 C

UCI/KG REPRESENTS MICROCURIES OF RADIONUCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.
KBQ/KG REPRESENTS KILOSEQUERELS OF RADIONUCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.
DOSE RATE AND CUMULATIVE DOSE ARE PRESENTED AS FUNCTIONS OF TIME IN DAYS AFTER INHALATION EXPOSURE.
COMMENT: 0, E, OR S INDICATE THE DOG DIED, WAS EUTHANIZED O0 WAS SACRIFICED RESPECTIVELY. PROMINENT FINDINGS ARE

(I) SIGNIFIES AN INCIDENTAL FINDING WHICH WAS MOT IMMEDIATELY LIFE-THEATENING.
CAUTION: THE RECONSTRUCTED INITIAL LUNG BURDENS, DENOTED BY (R) AND (REC) IN THIS TABLE MAY BE TOO HIGH BECAUSE OF CUR

THIS MAY LEAD TO CALCULATED ORCAN DOSES THAT ARE TOO HIGH. THIS PROBLEM IS ESPECIALLY IMPORTANT FOR DOGS I

01



.UMULATIVE ALPHA RADIATION

DOSE TO DEATH (GY)
S............................... DAYS

IL (WBC) FROM IL (REC.) DEATH TO
LIVER BONE LUNG LIVER BONE DATE DEATH COMMENT

2.1 1.0 6.6 4.2 2.0 81103 2413 E-OSTECSARCOMA,VERT. LS AND S1
3.8 1.7 5.6 6.0 3.1 86119 4386 E-DISC PROTRUSION;CARCINCMA,LUNG
2.8 1.4 3.6 4.3 1.9 85086 4123 E-OSTEOSARCOHA,SACRUM
2.0 0.90 4.0 3.2 1.5 82266 3046 D-LYMPqOSARCOMA,VISCERAL
2.1 1.0 4.7 4.2 2.0 85214 3437 E-CHONDROSARCOMA,SCAPULA
1.9 0.90 3.2 2.7 1.5 83049 3222 E-PANCREATITIS
2.9 1.4 5.8 8.1 3.8 87211 4815 E-OSTEOSARCOMA,BONE
1.9 0.90 4.0 3.8 1.8 84027 3566 E-UNDIFF. SARC.,RI8;NEUROFIBROSARC.,LIV.
0.80 0.40 2.5 1.1 0.5 80024 1525 D-EPILEPSY

1.8 0.80 3.9 3.7 1.9 85005 3879 E-OSTEOSARCCMA,VERTESRA;CARCINOMA,LUNG
1.6 0.70 3.6 3.8 1.7 85065 3831 E-OSTEOSARCCMA,VERTEBRA
1.7 0.80 89040 4726 E-CHRONIC INTER. NEPHRITIS;ACRT. THROMS.
1.4 0.60 4.3 5.6 2.4 85310 4345 E-OSTEOSARCCMA,9ONlE
1.4 0.60 88257 4577 E.ADENOCARCINCMA,RECTUM;NEPHROPATHY
0.80 U.40 2.6 2.0 1.0 84079 3043 E-MELANOMA,SKIN
1.4 0.60 88326 4749 E-CICNORO. OSTEOSARC,HUM.;PAP. ADCA.,LUNG
0.50 0.30 2.6 1.5 0.7 80015 1954 D-GASTRIC FOREIGN BODY
1.4 0.60 4.3 6.1 2.9 87183 4950 E.CARCINOMA,MAMMARY;CARCIN0MA,LUNG
1.2 0.60 4.1 5.8 2.7 87216 4848 0-PNEUMONIA
0.90 0.40 3.4 3.6 1.9 86346 4480 E-CARCINCMA,LUNG
0.50 0.20 1.5 1.0 0.5 83162 2654 D-PYCMETRA
0.50 0.20 2.8 3.0 1.4 85149 4053 D-THROMSOSIS,ACRTA
0.60 0.20 90086 5788 E-ANKYLOSING SPCNOYLOSIS;ADENOCARCINOMA, L

86127 4527 E-CARCINOMA,MAMmARY
88280 5410 D-INTERVERT. DISC DISEASE;BRCNCHOPNEUM.
87100 4735 E-PYELONEPHRITIS
89087 5453 E-CHOLANGIOHEPATITIS
86335 4568 O-ACUTE NEPHROSIS
88231 5194 E-CARCINOMA,MAMMARY GLAND
87119 4626 D-PULMONARY EDEMA
82223 2903 E-LYMPHOSARCCYA,SKIN
87087 4141 D-HEMANGIOSARCC.A,HEART
80030 1527 D-EPILEPSY
85063 3288 D-PYCMETRA
87187 4142 E-ADENCMA,PITUITARY

)N EXPOSURE.
f. PROMINENT FINDINGS ARE INCLUDED.

f BE TOO HIGH BECAUSE OF CURRENT ANALYTICAL RADIOCHEMICAL PROBLEMS.
:IALLY IMPORTANT FOR DOGS IN THE LOWER EXPOSURE LEVELS.
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A.19 239puO 2 Monodisperse Aerosol (0.75 pm AMAD), Longevity Study C9
CUMULATIVE ALPHA RADIATION DOSE

INHALATION EXPOSURE TO 9-30-91 TO DEATH
D O G I D E N T I F I C A T I O N --------------------- I L S ( W B C ) I L B ( R ) . . . . . . . . . . . . . . . . . . . . . . . .
-----.----.---.---.. AGE WT -------------------------- ----.-------- -- WBC WC REC.
TATTOO AN-EXPT SEX BLOCK DATE DAYS KG RANK UCI/KG UCI KBO/KG KB8 KBQ LUNG LUNG LUNG

1134C 01-2686 M K 78325 385 8.9 01 0.20 1.8 7.4 67. 100 41
1142V 01-2730 F L 79052 421 9.1 02 0.19 1.7 7.0 63. 63 29
11098 01-2560 M I 78165 367 10.6 03 0.18 1.9 6.7 70. 63 30
1136A 03-2690 M K 78326 368 10.4 04 0.17 1.8 6.3 67. 63 31
9928 01-2106 M C 77069 399 10.8 05 0.16 1.7 5.9 63. 67 24
1092S 01-2528 F H 78144 411 9.5 06 0.16 1.5 5.9 56. 59 29
1027U 01-2236 F F 77216 421 10.3 07 0.15 1.5 5.6 56. 31 21
1125S 01-2610 F 1 78248 374 8.2 08 0.15 1.2 5.6 44. 41 23
1122T 03-2612 F 1 78244 388 7.6 09 0.11 0.87 4.1 32. 33 22
1107A 03-2562 m I 78166 375 12.4 10 0.10 1.2 3.7 44. 56 26
1028U 03-2238 F F 77217 421 8.7 11 0.10 0.87 3.7 32. 17 14
1097E 01-2534 m G 78150 396 8.9 12 0.10 0.87 3.7 32. 23.
980T 03-2082 F 8 77035 410 9.7 13 0.096 0.;3 3.6 34. 44 23
10068 01-2148 M E 77118 373 8.5 14 0.079 0.67 2.9 25. 30 21
1098C 03-2536 M G 78151 391 8.6 15 0.073 0.63 2.7 23. 34 24
996u 02-2174 F 0 77140 446 7.1 16 0.073 0.52 2.7 19. 19 18
963E 02-1954 m A 77007 439 11.5 17 0.063 0.73 2.3 27. 15.
999S 01-2172 F 0 77139 423 8.2 18 0.062 0.51 2.3 19. 30 26
1005C 03-2150 m E 77119 377 10.3 19 0.062 0.64 2.3 24. 37 22
1001T 01-2174 F D 77140 409 10.6 20 0.059 0.63 2.2 23. 31 18
990C 02-2108 m C 77070 410 9.3 21 0.055 0.51 2.0 19. 23 15
1023LI 02-2238 F F 77217 438 9.4 22 0.054 0.51 2.0 19. 18 13
11308 02-2690 M K 78326 403 10.5 23 0.051 0.54 1.9 20. 14.
1145T 03-2732 F L 79053 414 9.8 24 0.049 0.48 1.8 ;8. 24 17
990A 01-2108 m C 77070 410 9.5 25 0.047 0.45 1.7 17. 81 47

006A 01-2150 M E 77119 374 8.5 26 0.046 0.39 1.7 14. 21 18
1096S 03-2532 F H 78145 395 8.6 27 0.043 0.37 1.6 14. 12.
1143T 02-2732 F L 79053 418 8.9 28 0.042 0.37 1.6 14. 11.
963F 01-1954 m A 77007 439 11.4 29 0.041 0.47 1.5 17. 22 14
1097C 02-2536 m G 78151 397 9.0 30 0.041 0.37 1.5 14. 9.9
11348 01-2690 M K 78326 386 10.0 31 0.040 0.40 1.5 15. 11.
1121S 02-2612 F 1 78244 401 8.5 32 0.039 0.33 1.4 12. 23 19
11008 02-2562 M 1 78166 399 9.5 33 0.028 0.27 1.0 10. 8.0
9700 01-1952 m A 77006 424 10.4 34 0.026 0.27 0.96 10. 7.6
1096U 02-2532 F H 78145 395 8.2 35 0.024 0.20 0.89 7.4 7.0
969A 03-1954 M A 77007 426 10.1 36 0.023 0.23 0.85 8.5 6.8
9821 02-2082 F B 77035 404 9.9 37 0.021 0.21 0.78 7.8 6.2
11118 01-2562 M 1 78166 365 9.7 38 0.021 0.20 0.78 7.4 5.8
11251 01-2612 F 1 78244 370 8.1 39 0.021 0.17 0.78 6.3 6.0
976T 01-2080 F B 77034 431 10.3 40 0.019 0.20 0.70 7.4 6.0
977S 01-2082 F 8 77035 430 7.4 41 0.018 0.13 0.67 4.8 5.4
10050 02-2150 M E 77119 377 9.6 42 0.015. 0.14 0.55 5.2 3.8
1143S 01-2732 F L 79053 418 11.0 43 0.014 0.15 0.52 5.6 4.0
1094T 01-2532 F H 78145 401 10.6 44 0.010 0.11 0.37 4.1 3.0
1028S 01-2238 F F 77217 421 9.4 45 0.010 0.090 0.37 3.3 2.9
988C 03-2108 M C 77070 425 9.3 46 0.010 0.090 0.37 3.3 2.8
996T 03-2174 F 0 77140 446 8.8 47 0.0080 0.070 0.30 2.6 2.4
1096A 01-2536 m G 78151 401 10.8 48 0.0060 0.070 0.22 2.6 2.0
961A 03-1956 M A 77007 448 11.0 C
980S 02-2084 F B 77035 410 8.4 C
992A 02-2116 M C 77080 406 10.0 C
1007C 02-2146 m E 77117 371 9.5 C
999U 02-2168 F 0 77130 414 10.3 C
1022W 02-2240 F F 77231 423 7.2 C
1095T 01-2530 F H 78144 400 10.6 C
1098A 01-2535 M G 78150 390 9.9 C
1106A 01-2564 m 1 78165 382 9.8 C
1121T 02-2614 F 1 78244 405 9.6 C
11310 01-2688 M K 78325 392 6.8 C
1146S 01-2733 F L 79052 408 11.0 C

UCI/KG REPRESENTS MICROCURIES OF RADIONUCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.
KBQ/KG REPRESENTS KILOBEQUERELS OF RADIONUCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.
DOSE RATE AND CUMULATIVE DOSE ARE PRESENTED AS FUNCTIONS OF TIME IN DAYS AFTER INHALATION EXPOSURE.
COMMENT: 0, E, OR S INDICATE THE DOG DIED, WAS EUTHANIZED OR WAS SACRIFICED RESPECTIVELY. PROMINENT FINDINGS ARE

(I) SIGNIFIES AN INCIDENTAL FINDING WHICH WAS NOT IMMEDIATELY LIFE-THEATENING.
CAUTION: THE RECONSTRUCTED INITIAL LUNG BURDENS, DENOTED BY (R) AND (REC) IN THIS TABLE MAY BE TOO HIGH BECAUSE OF CURl

THIS MAY LEAD TO CALCULATED ORGAN DOSES THAT ARE TOO HIGH. THIS PROBLEM IS ESPECIALLY IMPORTANT FOR DOGS I



.\.

FIVE ALPHA RADIATION DOSE (GY)

3 9-30-91 TO DEATH DAYSS......... ............................-

JBC Wsc REC. DEATH TO 9-30 TO
LUNG LUNG LUNG DATE 1991 DEATH COMSENT

4....1 -2 8.... ..... . A----D- ----- FI---------------ROSIS-----------------

41 81120 891 E-PNEuMONITIS AND PULMONARY FIBROSIS
29 82137 1181 E-PNEUMONITIS AND PULMONARY FIBROSIS

30 82224 1520 D-RAD.PNEUM.;PUL.FIB.;PULMONARY CARC.
31 82332 1467 D-PNEUM. AND PUL. FIBROSIS;PUL. CARC.
24 80009 1035 D-PNEUMONITIS
29 82054 1371 E-PNEUMONITIS AND PUL!IONARY FIBROSIS
21 85073 2779 E-MENINGOMA,BRAIN;CARC!NOMA,LUNG
23 82067 1280 E-PNEUMONITIS AND PULMONARY FIBEROSIS
22 82308 1525 E-PNEUM. AND PUL. FIBROSIS;PUL. CARC.
26 83097 1757 E-PNEUM. AND PUL. FIBOOSIS;PUL. CARC.
14 85037 2742 E-CARCINOMA AND FIBROSARCOMA,LUNG

23. 84240 2281 E-FIBROSARC.,M.EDIAST.;B.A. CARC.,LUNG
23 81153 1579 E-PNEUM. AND PUL. FIBROS.;CARC.,LUNG
21 82253 1961 E-FIBROSARCOMA,MUSCLC:PUL.CARCINCHA
24 83356 2031 E-PNEUMONITIS;B.A. CAPCTNGO.'ALUNG
18 84030 2446 E-BRONCHIOLOALVELCAR CARCINCMA,LUNG

15. 82337 2176 E-PNFUM. AND PUL. FIBROSIS;PUL. CARC.
26 85103 2836 D-BRONCHICALVE•tAR CARCINOMA,tUNG
22 83013 2085 D-PULMONARY CARCINOMA;PUL. FISROSIS
18 83030 2081 E-PULMONARI CARCINOA;PUL. FIBROSIS
15 82251 2007 D-NEFIORRHAGIC ENTERITIS
13 85036 2741 D-PNEUM. AND PUL. FIBROSIS;CARC., LUNG

14. 87132 3093 E-CARCINOMALUNG
17 86059 2563 E-CARCINOMA,LUNG
47 61327 1718 E-PNEUMONITIS AND PULMONARY FIBROSIS
18 86202 3370 D-CARCINO4A,LUNG

12. 86338 3115 E-CARCINC4AA,LU4G
11. 87082 2951 D-CARCINOMAJUNC

14 86022 3302 E-CARCINCMA,LUNG
9.9 84303 2343 E-ADENOCARCIYO)MA,PANCREAS

11. 87133 3094 E-CARCINOMA,LUNG
19 86074 2752 E-CARCINOMA,LUNG

8.0 87308 3429 E-CARCINOe4A,LUNG
7.6 87251 3897 E-CARCINC4A,LUNG
7.0 88154 3661 E-CARCINOMA,LUNG
6.8 88152 4162 E-CARCINCMA,LUNG
6.2 87151 3768 D-CARCINCiA,LUNG
5.8 87256 3375 E-CARCIN6MA,LUNG
6.0 88053 3461 D-HEMANG!,SARCCHA,KIDN[Y
6.0 89177 4526 D-EXUDATIVE PNEUMONIA,LUNG
5.4 89270 4618 E-PAPILLARY ADENOCARCINOMA,LUNG
3.8 88273 4171 E-CARCINOMA,LUNG
4.0 90005 3970 E-ADENOCARCINOMA,MAMMARY GLAND
3.0 88082 3589 D-CARCINOHA,LUNG
2.9 88357 4157 D-PAPILLARY ADENOCARCINOMA,LUNG
2.8 87044 3626 E-MAL!GNANT MELANOMA,MOUTH
2.4 89032 4275 E-PAPILLARY ADENOCARCINCHA,LUNG
2.0 90256 4488 0-BRONCHICLOALVEOLAk CARCINOMALUNG

90243 4977 D-HYPERADRENOCORTICISM
86357 3609 D-MAST CELL SARCOMA

5306
82184 1893 D-EPILEPSY
85214 3006 D-PERITCOITIS
90094 4611 E-PROLAPSE,INTERVERTEBRAL DISCS

4877
89156 4024 E-PROSTATITIS,RENAL FAILURE

4853
87306 3349 D-THR,'MBCSIS,LUNG
90317 4375 E-BRONCHOPNElJ'CNA

"4604

'N EXPOSURE.
PROMINENT FINDINGS ARE INCLUDjED. 164

BE TOO HIGH BECAUSE OF CURRENT ANALYTICAL RADIOCHEMICAL PROBLEMS.
IALLY IMPORTANT FOR DOGS IN THE LOWER EXPOSURE LEVELS.



A.20 23 9 puO 2 Monodisperse Aerosol (1.5 pm AMAD), Longevity Study

CUMULATIVE ALPHA RADIATION DOSE (GY)S................................ ....

INHALATION EXPOSURE TO 9-30-91 TO DEATH
DOG IDENTIFICATION ------------------------------. IL (WC) IL (R) .................
................... AGE WT ----------------------------------------- ------. -C C REC.
TATTOO AN-EXPT SEX BLOCK DATE DAYS KG RANK UCI/KG UCI K.8/KG KBQ KSQ LUNG LUNG LUNG
- - -......... .. .... o. ....... ..... ... . .... .... .. .... .. ... ... .....- - - - -..... . ..... ....

1155S 03-2744 F L 79067 390 7.7 01 1.0 8.0 37. 300. 270. 40.
1110U 02-2592 F H 78208 410 6.7 02 1.0 6.7 37. 250. 190. 31.
1137S 02-2726 F 1 79047 448 10.2 03 0.91 9.3 34. 340. 470. 60.
1101S 01-2592 F H 78208 438 10.1 04 0.86 8.7 32. 320. 96. 17.
964S 01-1962 F 8 77013 444 8.9 05 0.85 7.6 31. 280. 330. 63.
990U 01-2114 F D 77076 416 8.5 06 0.79 6.7 29. 250. 210. 59.
1117B 02-2604 M I 78215 393 9.9 07 0.78 7.7 29. 280. 270. 32.
972A 02-1972 M A 77020 436 10.0 08 0.57 5.7 2'. 210. 150. 41.
10978 04-2514 m G 78117 363 9.7 09 0.57 5.5 21. 200. 190. 28.
1155T 02-2744 F L 79067 390 6.7 10 0.51 3.4 19. 130. 170. 66.
996A 01-2132 M C 77111 417 10.6 11 0.48 5.1 18. 190. 170. 45.
10158 01-2196 M E 77160 394 8.9 12 0.46 4.1 17. 150. 180. 40.
1027A 03-2196 M E 77160 365 10.9 13 0.45 4.9 17. 180. 160. 56.
10998 03-2602 M I 78214 451 10.5 14 0.44 4.6 16. 170. 190. 34.
11108 01-2604 M 1 78215 417 7.7 15 0.44 3.4 16. 130. 140. 36.
995C 03-2132 M C 77111 433 9.9 16 0.40 4.0 15. 150. 110. 59.
1096C 03-2514 M G 78117 367 9.8 17 0.38 3.7 14. 140. 130. 54.
1141U 03-2724 F J 79046 429 6.7 18 0.33 2.2 12. 81. 93. 50.
9778 03-1972 M A 77020 415 11.6 19 0.31 3.6 11. 130. 130. 27.
10928 02-2514 M G 78116 384 9.9 20 0.30 3.0 11. 110. 130. 47.
1023X 01-2210 F F 77174 395 8.5 21 0.29 2.5 11. 93. 96. 35.
994S 02-2114 F 0 77076 401 9.3 22 0.29 2.7 11. 100. 81. 30.
1099V 02-2590 F H 78207 414 8.9 23 0.24 2.1 8.9 7C. 59. 27.
997C 02-2132 M C 77111 416 10.3 24 0.23 2.4 8.5 89. 81. 40.
1134D 03-2684 M K 78321 381 10.5 25 0.19 2.0 7.0 74. 70. 5.6
1141S 01-2726 F J 79047 430 10.0 26 0.19 1.9 7.0 70. 190. 32.
1095S 03-2588 F H 78206 462 10.1 27 0.19 1.9 7.0 70. 64.
1099T 02-2588 F H 78206 443 8.5 28 0.19 1.6 7.0 59. 73.
989T 03-2114 F D 77076 425 6.7 29 0.19 1.3 7.0 48. 45.
1148U 01-2744 F L 79067 414 6.7 30 0.19 1.3 7.0 48. 43.
965S 02-1962 F 8 77013 444 10.0 31 0.17 1.7 6.3 63. 44.
964T 03-1962 F a 77013 444 7.7 32 0.17 1.3 6.3 48. 37. 27.
1009T 01-2208 F F 77173 421 10.8 33 0.16 1.7 - 5.9 63. 39.
10238 02-2196 M E 77160 381 10.0 34 0.15 1.5 5.6 56. 37.

S970A 01-1972 M A 77020 438 10.3 35 0.15 1.5 5.6 56. 36.
976A 01-1970 M A 77019 419 12.6 36 0.14 1.8 5.2 67. 44. 20.
1020T 02-2210 F F 77174 399 9.2 37 0.14 1.3 5.2 48. 41. 20.
1160T 03-2742 F L 79066 368 8.3 38 0.13 1.1 4.8 41. 29.
994T 03-2112 F 0 77075 400 8.8 39 0.13 1.1 4.8 41. 33.
995A 03-2130 m C 77110 432 10.4 40 0.12 1.2 4.4 44. 35.
10085 03-2210 F F 77174 425 9.9 41 0.11 1.1 4.1 41. 31.
1120A 02-2602 M 1 78214 382 9.3 42 0.11 1.0 4.1 37. 25.
1112W 03-2590 F H 78207 402 8.2 43 0.11 0.93 4.1 34. 63. 36.
1130A 03-2682 M K 78320 397 10.5 44 0.10 1.1 3.7 41. 26. 11.
1130T 01-2696 F J 78334 411 8.3 45 0.10 0.87 3.7 32. 25.
1139U 01-2724 F J 790!,6 441 8.9 46 0.098 0.87 3.6 32. 24.
966T 03-1960 F a 77012 439 10.3 47 0.097 1.0 3.6 37. 24.
1007A 01-2194 M E 77159 413 9.4 48 0.071 0.67 2.6 25, 18.

0



"IVE ALPHA RADIATION DOSE (GY)

9-30-91 TO DEATH DAYS
-. ------. .. ............ --.............

WC BC REC. DEATH TO 9-30 TO
LUNG LUNG LUNG DATE 1991 DEATH COMMENT

40. 79277 210 D-PNEUMONITIS
31. 79049 206 D-PNEUMONITIS
60. 79296 249 D-PNEUMONITIS
17. 79190 347 E-PNEUMONITIS
63. 77349 336 D-PNEUMQN4ITIS
59. 78198 487 D-PNEUMONITIS
32. 79071 221 D-PNEUMONITIS
41. 78216 561 E-PNEUMONITIS
28. 79030 278 E-PNEUMONITIS
66. 80224 522 E-PNEUMONITIS
45. 783J9 593 E-PNEUMCNITIS
40. 78194 399 D-PqEUMONITIS
56. 79282 852 D-PNEUMON;TIS
34. 79236 387 E-PNEUMONITIS
36. 79262 412 D-FNEUMONITIS
59. 80349 1333 D-PNEUM. AND PUL.FIBRO',S;CARC. ,LUNG
54. 80291 904 O-PNNUMONITIS ANTC PULMONARY FIBROSIS
50. 81108 793 D-PNEUMONITIS
27. 78158 503 D-PNEUMCNITIS
47. 80123 737 E-PNEUMONITIS
35. 79096 652 E-PNEUMONITIS
30. 79074 728 D-PNEUMONITIS
27. 81058 947 E-PNEUMONITIS AND PULMONARY FISROSIS
40. 8G282 1266 D-PNEUMONITIS AND PULMONARY FIBROSIS
5.6 79108 152 E-PNEUMONITIS

32. 80027 345 D-PNEUMONITIS
64. 87123 3204 D-CARCINOMA,LUNG

73. 4815
45. 81299 1684 D-PNEUM.AND PUL.FIB.;PUL. CARCINOMA
43. 83146 1540 E-PNEUMONITIS AND PULMONARY FIBROSIS
44. 82168 1981 E-PNEUM.AND PUL.FIB.;PUL.CARCINOMA

27. 80295 1377 E PNEUMONITIS AND PULMONARY FIBROSIS
39. 82277 1930 E-PUL. CARCINOMAS,'PUL. FIBROSIS
37. 82121 1787 D-PNEUM.AND PUL.FIB.;PUL.CARCINO.\MA
36. 82003 1809 O-PUL.CARCINOMA;PNEUM.AND PJL.FIB.

20. 80362 1438 D-PNEUM. AND PUL.FIBROSIS;CARC.,LUNG
20. 80213 1134 D-PNEUMONITIS

29. 83133 1528 E-PNEUM. AND PUL. FIZROSIS;PUL. CARC.
33. 82262 2013 D-PULMONARY CARCINOMA;PUL.FIBROSIS
35. 84220 2666 E-BRONCHIOLOALVEOLAR CARCINOMA,LUNG
31. 83252 2269 E-FJL.CARCINOMAS;PUL. FIBROSIS
25. 83101 1713 E-PNELM. AND PUL. FIBROSIS;PUL. CARC.

36. 81197 1086 E-PNEUMONITIS AND PULMONARY FIBROSIS
11. 81197 973 D-CARC.,KIDNEY;PNEUM. AND PUL. FIB.

25. 83287 1779 E-PNEUMONITIS;BRONCHIOLOALVELOAR CARC.
24. 83350 1765 E-PNEUMONITIS AND PULMONARY FIBROSIS
24. 81353 1802 D-PNEUM.AND PUL.FIB.;PUL.CARCINCMA
18. 82274 1941 E-PNEUM. AND PUL. FISROSIS;PUL. CARC.
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A.20 2 3 9 puO2 Monodisperse Aerosol (1.5 pm AMAD), Longevity Study (continued)

CUMULATIVE ALPHA RADIATION

INHALATION EXPOSURE TO 9-30-91 TO 0EA
COG IDENTIFICATION --------------------- ILB (WBC) ILS (R) .......... .........
................... AGE WT ------------------------------------------- - UBC 18C
TATTOO AN-EXPT SEX BLOCK DATE DAYS KG RANK UCI/KG UCI KBQ/KG KBO KBQ LUNG LUNGS...... ....... ... ..... ..... .... . ... .... . ...... ..... ...... .... .. ..... ..... -----

1129A 02-2682 M K 78320 398 8.8 49 0.069 0.61 2.6 23. 24.
11320 01-2684 M K 70321 394 11.3 50 0.065 0.73 2.4 27. 150.
1099C 01-2602 M 1 78214 451 10.5 51 0.060 0.63 2.2 23. 14.
1153T 02-2742 F L 79066 395 8.3 52 0.057 0.47 2.1 17. 19.
11298 02-2684 M K 78321 398 10.7 53 0.056 0.60 2.1 22. 100.
999A 02-2130 M C 77110 394 7.8 54 0.051 0.40 1.9 15. 19.
1130C 01-2682 M K 78320 397 9.0 55 0.048 0.43 1.3 16. 17.
972S 02-1960 F 8 77012 428 8.2 56 0.046 O.i8 1.7 14. 13.
1022T 02-2208 F F 77173 394 9.5 57 0.045 0.43 1.7 16. 16.
992T 01-2112 F D 77075 405 7.0 58 0.043 0.30 1.6 11. 14.
1110S 01-2590 F H 78207 409 9.0 59 0.C40 0.36 1.5 13. 12.
10250 02-2194 M E 77159 3S7 10.7 60 0.039 0.42 1.4 16. 11.
10078 03-2194 M E 77159 413 11.3 61 0.035 0.40 1.3 15. 13.
9788 02-1970 M A 77019 406 8.6 62 0.028 0.24 1.0 8.9 10.
10948 01-2514 M G 78116 372 12.3 63 0.027 0.33 1.0 12. 6.2
1113A 03-2600 m 1 78213 408 9.5 64 0.026 0.25 0.96 9.3 9.8
1017A 02-2192 M E 77158 389 9.0 65 0.023 0.21 0.85 7.8 9.1
10960 02-2512 M G 78116 366 10.5 66 0.021 0.22 0.78 8.1 6.0
1134S 02-2694 F J 78333 393 8.2 67 0.G20 0.16 0.74 5.9 7.5
970F 03-1970 M A 77019 437 8.8 68 0.017 0.15 0.63 5.6 6.2
9920 01-2130 M C 77110 440 10.4 69 0.017 0.18 0.63 6.7 4.9
1112U 01-2588 F H 7M206 401 9.1 70 0.016 0.15 0.59 5.6 6.4
969U 02-1958 F a 77012 431 9.7 71 0.015 0.15 0.55 5.6 5.5
1146T 02-2724 F J 79046 402 8.8 72 0.015 0.13 0.55 4.8 5.7
1014C 01-2192 H E 77158 397 8.5 73 0.014 0.12 0.52 4.4 5.5

I010T 03-2208 F F 77173 418 10.0 74 0.014 0.14 0.52 5.2 4.8
1153S 01-2742 F L 79066 395 8.9 75 0.012 0.11 0.44 4.1 4.7
1092C 01-2512 M G 78116 382 9.7 76 0.011 0.11 0.41 4.1 4.1
986S 02-2112 F D 77075 431 8.1 77 0.011 0.087 0.41 3.2 3.9
960U 01-1960 F B 77012 446 9.1 78 0.010 0.093 0.37 3.4 3.9
1110A 02-2600 m 1 78213 415 8.4 79 0.0095 0.080 0.35 3.0 3.6
970S 01-1958 F B 77012 430 9.6 80 0.0076 0.073 0.28 2.7 2.9
988U 02-2110 F 0 77074 429 8.9 81 0.0070 0.062 0.26 2.3 2.8
9948 02-2128 M C 77109 434 10.0 82 0.0063 0.063 0.23 2.3 2.5
1100A 01-2600 M H 78213 446 9.6 83 0.0061 0.059 0.23 2.2 2.4
1097A 02-2508 m G 78115 361 9.0 84 0.0061 0.055 0.23 2.0 2.4
1132D 02-2680 H K 78319 392 9.7 85 0.0060 0.058 0.22 2.1 2.3
1010W 02-2206 F F 77172 417 10.4 86 0.0043 0.045 0.16 1.7 1.7
1130S 01-2694 F J 78333 410 8.3 87 0.0040 0.033 0.15 1.2 .5
9720 02-1968 m A 77018 434 8.5 88 0.0040 0.034 0.15 1.3 1.6
1154s 02-2740 F L 79065 388 9.0 89 0.0034 0.031 0.13 1.1 1.3
1149T 01-2740 F L 79065 411 7.5 90 0.0033 0.025 0.12 0.92 1.3
971C 01-1968 M A 77018 435 8.2 91 0.0024 0.020 0.089 0.74 0.98
11318 01-2680 M K 78319 395 11.0 92 0.0023 0.025 0.085 0.92 0.88
988S 01-2110 F D 77074 429 9.5 93 0.0022 0.021 0.061 0,78 0.81
997A 01-2128 m C 77109 414 10.6 94 0.0018 0.019 0.067 0.70 0.70
1095A 01-2508 M G 78115 371 11.2 95 0.0013 0.015 0.048 0.55 0.51
1022V 01-2206 F F 77172 393 9.6 96 0.0007 0.007 0.026 0.26 0.29
96nT 02-1956 F B 77007 441 9.4 C
977A 01-1974 m A 77024 415 11.7 C
982S 03-2116 F 0 77080 446 10.0 C
998A 01-2146 m C 77117 416 10.5 C
1010A 01-2198 M E 77160 405 12.4 C
1021S 01-2212 F 0 77174 396 9.3 C
10938 01-2510 M G 78115 375 7.9 C
11075 01-2594 F H 78208 417 9.0 C
1109A 01-2605 M 1 78215 417 11.8 C
1131A 01-2681 m K 78319 395 12.2 C
1136S 01-2695 F 1 78333 375 9.0 C
1152S 01-2746 F L 79065 396 9.2 C

UCI/KG REPRESENTS MICROCURIES OF RADIONUCLIDE PSR KILOGRAM OF TOTAL BODY WEIGHT.
KBO/KG REPRESENTS KILOBEQUERELS OF RADIONUCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.
DOSE RATE AND CUMULATIVE DOSE ARE PRESENTED AS FUNCTIONS OF TIME IN DAYS AFTER INHALATION EXPOSURE.
COMMENT: 0, E, OR S INOICATE THE DOG DIED, WAS EUTHANIZED OR WAS SACRIFICED RESPECTIVELY. PRO4MINENT FINDINGS ARE

(I) SIGNIFIES AN INCIDENTAL FINDING WHICH WAS NOT IMMEDIATELY LIFE-THEATENiNG.ii CAUTION: THE RECO.NSTRUCTED INITIAL LUNG BURDENS, DENOTED BY (R) AND (REC) IN THIS TABLE PAY BE TOO HIGH BECAUSC OF CURl
+ THIS MAY LEAD. TO CALCULATED ORGAN DOSES THAT ARE TOO HIGH. THIS PIOBLEM IS ESPECIALLY IMPORTANT FOR DOGS I



CUMULATIVE ALPHA RADIATICN DOSE (Gy)
° °..... .............. ................

TO 9-30-91 TO DEATH DATS
.o......... ..... °......... ..............

WBC WBC REC. DEATH TO 0-30 TO
LUNG LUNG LUNGi DATE 1991 DEATH COMMENT

.... . ..... .... . ... .... ... .. . ............................................

24. 87085 3052 E-CARCINcGA,LUN3
43. 80296 705 D-PNEUMONITIS AND PULMONARY FICROIS?

14. Z3123 1735 D-PNELM. ND PUL. FIEROSIS;PUL. CARC.
19. 88145 3366 E-CARC|N(MA,LUNG

37. 81087 862 D-PNEUMONTT!S AND PULMONARY FISROSIS
19. 82358 4265 E-MALICNANT PELANt(4A,CqA1L
17. 88301 3633 E-?APILLARY AOENOCA;CINýYA.!L'.G
13. 82334 2148 D-FNEUM. A%D PUL. FISROSIS;PUL. CARC.
16. 87056 3535 E-CARCtNlCA,LUNG
14. ?5221 3068 E-PFNELONITIS A4D S
12. 85030 2320 Q-PNEUM. AND PUL. F!S,0S[S;PFL. CARC.
11. 84017 2414 E-ADENOCARCINCMA,IUNS
13. 87285 377M E-CARCINCMA,LUNG
10. 88021 4019 E-CARCINMA,LUNG
6.2 82302 1647 E-PNEUM. AND PUL. FTRZS!5;PUL. CARC.
9.8 90059 4229 E-PAPIU.ARY ADEKOC4CI .C0-A,LULNG
9.1 90270 4eýC E-OSTECSARCCAA,STEPNU4
6.0 84265 2340 E-MULTIPLE CRCNCI"O.AS,LN'.i

7.55 4688
6.2 87312 3N45 0-PEUMONITIS, FISRNCS A:E4CMA,LUNG;
4.9 83234 2315 D-JEJUNUM, SMOOTH MUSCLE TUMOR

6.4 4815
5.5 86358 3633 E-HEMCLYTIC ANE4IA

5.7 46105.5 90115 4705 E-TRANSITIONAL CELL CARCIWVOA,BLAOCER
2.3 80187 1109 D-NECROTIC PHARIWGITIS

4.7 4590

4.1 89033 3;35 E-,iAILLARY 'APCIc ,LUN•
3.9 87206 3783 0-C CI~YAt.A
3.9 89041 4412 8-?; ZCA;C AO~F£C8A•CF.AUjG
3.6 90120 4290 E-LYVPSOSARCC:'
2.9 89159 4530 E-PA;ILLAAY ACELACWC.,M14. CLAO

2.8 5312
2.5 5277
2.4 4808

2.4 91010 4643 E-CARCINC. A,LUNG
2.3 4702
1.7 5214

1.5 91015 4430 D-PLELPC;"lELP4.IA
1.6 91214 5309 D-CARCIkCMA,LUNG;CARCA N,,LARYNX

1.3 4591
S1.3 4CI91

0.98 536>8
DAM 47020.8 1012 3955 D-TQANSIT!ONAL C,;C!N0A,67LAC'ER

0.70 90262 4901 E-RE!3AL CELL CAIS'A,UI4EY
0.51 90248 4516 E-HEPATOCELLULAR CAFC:9O-A,LIVER

0.29 91027 5379 496,1 n-CARCI.NCA,KkP.KARY GLAND
5379

88349 4342 E-ZS:CNIC INTERSTIT!AL NEPuITIS
89200 4503 E-MALIGHAVT MELP.N•K1A,ORAL

5269
91263 5216 E-ASTýOCTTc>A

5212

901733 5 421 1 O-RENAL AMYLO1DCS:S

88139 34"r2 E-OSTEOSAlCZ"A,SCNZ

4591

ION ExPCSURE.

'LY. PR-8iNýT Fli0N; P 'Y.RC CLLED. 166
•!AY 3S Tv8 HIC' 0 OFCA E Gf CU7•ENT ANALYTICAL RADIDC$5EICAL PRcBLEMS.
-ECIALLY WN•CRTV;if FOR DOCS IN Tl1j LGWER EXPOSURE LEVELS.



A.21 23 9puo 2 Nfonodtsperve Atrooi (3.0 pm AMAD), Longeviiy Study

CUOjLATI'1c ALPMA PAOIATION C

INHXALATIONI EXPOSURE TO 9-30-91 TO IEA
DOG IDENT!FICATIO I ...................... IL3 (W8C) Its (R) . ....... ..........
......... I........... AGE WT .................................... ....... .ac wc
TATTOO AN-EXPT SEX BLOCK DATE DAYS KG RANK UCI/KG UCI KSO/KG KSQ Ko LUVIM; LJG
o...o. ....... ... .... . .. o... .... ... o .. I. ....o .o I.o ... ...... .o... . o . .... ....

11228 G3-2620 m K 78251 395 8.5 01 2.0 17. 74. 620. 54.1
984A 02-2104 m C 77068 '26 11.3 02 1.4 15. 52. 570. 480
1069A 03-239$ M G 78018 431 11.6 03 1.4 16.. 52. 590. 4;0
10045 03-2170 F 0 77133 395 8.3z 04 1.3 11. 48. 420. 390
1152V 03-2738 F L 79061 392 9.7 05 1.2 12. 44. 440. 330
981T 03-2078 F 8 77033 403 11.1 06 1.1 13. 41. 470. -,-0
1138? 03-2722 F j9 79039 440 6.7 07 0.88 5.9 33. 220. 110
997D 03-2144 m E 77117 422 a.4 09 0.77 6.5 28. 240. 240
1001A 02-2144 m E 77117 !89 10.4 09 0.70 7.3 26. 270. 110
11000 03-2554 m 1 78159 392 10.7 10 0.6,8 7.3 25. M70. Z50
10699 02-2398 M G 78018 431 11.3 11 0.58 6,5 21. 240. 220
11170 02-2620 M K 78251 429 9.2 12 0.58 5.3 21. 200. z8o
1034S 03-2234 F F 77215 401 7.7 13 0.16 4.3 21. 160. 220
1099A 02-2554 m I 78159 396 1.2 14 3.56 6,3 21. 230. 93
11248 01-2620 m K 78251 382 '1.2 15 0.56 6.3 21. Z30. 240
1101U 03-2552 F H 78158 183 10.5 16 0.55 5.8 20. 210. 200
9777 02-2078 F 8 77033 4Z3 7.9 17 0.52 4.1 19. 150. 100
980A 01-2104 M C 77068 •4, '0.5 18 0.51 5.4 19. 00. 20,0
977U 01-2078 F 8 7,7133 428 10.5 19 O.Ai 4.9 17. 1,0. 1.0
1149S 02-2738 F L 7961 1.07 6.8 20 0.42 3.7 16. 140, 85,
964A 01-1950 M A 77u05 436 9.9 21 0.39 3.9 14, 140. 160
11371U 02-2722 F J 7M039 440 10.4 22 0.36 3.7 13. 140. ,t0
10009 01-2144 M E 77117 459 10.9 23 0.35 3.8 !3. 140, 190
1105T 02-2552 F " 78158 3,! 10.1 24 0.05 3.5 13. 130. 100
1007S 01-2170 F o 77133 387 7.5 25 0.33 2's 12. 93. 78
1071A 01-2398 1 G 78018 W27 10.4 26 0.10 3.1 11. 110. 62.
1029S 01-2234 f F 77215 .4i 10.5 27 0.28 29; 10. 110. 93
989A 03-2104 M C 77068 4•7 9.9 28 0.28 2.8 10. 100. 62.
MY0V 01-2076 F a 77052 40. 9.0 29 0.27 2.4 lo, 89, 81

1105A 01-2514 M I 78159 3.•i 10.3 30 0.25 2.6 9.3 96. 100
1101T 01-2552 F 8 78!1 3,9. 8.4 31 0.?5 2.1 9,3 78, 74
11377 01-?722 F J 7r,9 440 10.0 32 0.24 2.4 8.9 M9. 50,
1147u 01-2738 r L 7WA 1 409 9.3 33 0.24 2.2 8.9 81. 45.
10055 02-2170 f 0 771&'ý 391 8.8 34 0.24 2.1 8.9 78. 59.
1117C 03-2618 M K 71250 478 11.0 35 0.16 1.6 5.9 6Y. 42.
1070A 03-2396 M G 75'7? 427 10.5 36 0.16 1.7 5.9 63. 37.
1023u 02-Z234 F F 7"r'5 '36 7.9 37 0.14 1.2 5.2 41. l6,

1008T 01-2166 F 0 77112 383 7.9 38 0.12 0.93 4.4 34. 38.
963A 02-1050 I A A 770C0. 437 12.1 39 0.12 1.4 4.4 52, 27.
115?!! 03-273•6 F L 7"060 391 9.4 40 0,11 1.0 4.1 37, 33.
11!T 03-2720 F J 750: 433 9.8 41 0.11 1.1 4.i 4l. 25.
l ,Q4A ,Z-71o6 M I MW60 3111 11.0 42 0.11 1.2 '.1 4-4. a-'.
of,: a 3-21 M E 7211s 376 8.9 43 0.10 0.93 3.7 34. 39.

10'PO 03-25S6 m1 V6?•0 406 9.9 44 0.10 1.0 3.7 31. 23.
¶07 -, 0 ,-2!;6 M4 qi 71017 427 11.5 65 0.096 1.1 3.6 41. 32.
111" nlý-2?68 m r 7125 0 407 7.2 4,; 0.017 0.80 3.? 30. 16.
1023v 03-2232 f F 77214 435 8.7 47 0.084 0.73 3.1 27. 25.

A•.- 01-2102 ¶ c 77,?6' 423 10.8 48 0.074 0.80 2.7 !0. 12.
1106'; Q3-!SŽ1- F 4 78157 374 10,2 49 0.072 0.73 2.7 .7. 21.



IXtA1I'C ALPHA RADIATION DOSE <T

TO 9-30-91 TO DEATH DAYS

69 6c REC. DEATH TO 9-30 TO
i IM r LU1AG L W4G DATE 1 99?1 DEATH Cc*4,4NT

38 78356 105 E-PNELI"0NITIS
28 77184 116 O-P'wEiUKCWlTZS
63 i630-6 288 D-PNEUMc~jIrtS
53 77363 230 D -PEL"4CI I S
71 80123 427 E -PNELWA I TI S
51 77289 256 0-PNEL)KNTI
48 803,05 631 E-PNEL" :?;S AND PULOCNARY FIBROSIS
16 78306 5!4 D-PNEL"ONITIS
31 79023 636 E-PVE4CONITIS
54 79265 471 O-PNFUCNITIS
68t P.0042 754 D -PNEW N I CTlIS
79 80046 525 E -PwE LCN 111S
69 78356 506 0-P4EU'"CN4TTlS
38 81161 1018 E*P IYCOITS AND PULOCNAOY FIBROSIS
49 119340 454 E -PNZLMICR I TI S
64 80155 727 E -PwFuM041 I 1
35 78257 589 E -Px"U4ow II IS
C9 79004 666 D-rwiL"'.ITIS
10 782e6 618 E*PhUNWONM~S

85. 12320 1355 E*PNEL'". A*JO Put. FIRPOSIS;P¶JL. CARC.
53 7o^342 702 E-PWýLWOMITIS
65 81313 1005 C-PlCl*"!TTS AND0 PUIMC'4ARY FIOROSIS
MA 80130 1108 C-CARC1NCI4ALJUV5

45 1077i 1015 E-P~t4lLCNtTIS A~0D 1rUMONARY Flg&rC-lS
36 79184 781 O-P'lTLO$ITIS

61". 813.S6 1434 E-0,11WflARY FfROSIS;PUL.CARCIMW~
s0 79218 733 O-PW.ttN'NItIS

62. 81132 1525 F-PWELA. AW4O PVt. Ft'!OSfS;CA#C.,LU?4G
32 M91is 876 0 -914u" I1S
43 81118 1055 E*PW..4CIJITIS AND MWMANCNR FIEJZCSIS
39 81105 1043 C- ~TSAND PVUtWARY F,9POSIS

50, 82.15 1422 D-PW5".ý. AND MLt. FtIP%1S:PUL. CARC.
45. 82222 1257 E-Pk.Z'CW1ITS AND PULMONAR.Y VlTACSIS
59. 17.151 18 P44 Jrr'ý.AWO PUL.FiD.;r(UL.CARClN0NA
42. 83349 1925 C-.Aý0EUARC1c44M,LUNG

37. 82204 16k E-Pw(LM.ANO PVLI3.;r-QL.CAflC!V0PA
36. 83f0l1 198? E-PVLEMARY Fl8-?0Sll.Pl.'L. CA~C.A4

38. ~ 55ý0 270 0 04'NCLIM. AND PUt. flFQOSIS:CARC. JLUNG
27. a1'~o 1636 O-PWCLM". AND FVL. FPR~C!IS;CA9C..LU`NG
33. 14635Q1 2M9 C-CAPC1NC"A,LLUNG^

8U~~8 1561 E-PNEI). A40 MUt.L ~1;~. CARC.
846520W6 t- 0NCWIC~tOALVfCLAl CARCINOMA

39M328 7~4'7: E-CAPCINCIMA.LUký

23. 823'j3? 1-6 58 E-Pv~tucl1TlS AND PULP1,0ARY fIgRSSIS

P2. W838 Si15 F-CARCINCMAtU)4G
"~6. 85143 21. ',0 C-CAt -A, LUNG

25 r.109 ?'.51 E -ADflO0CCT!2AA. t LNw
22. 8-4-138 72,7 f-R.A. COtRINFO CARL1WrtA'.,LLNG

21. E'33238i7 EC~w~,~
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A.21 2 39 puO2 Monodisperse Aerosol (3.0 pm AMAD), Longevity Study (ontinued)

CUMULATIVE ALPHA RADIATIC
°...~............ ...... ...

INHALATION EXPOSURE TO 9,30-91 TO
DOG IDENTIFICATION ..................... ILS (WSC) ILB (R) .......... .......

A................... AdE W ................................... ........ W'C O8c

TATTOO AN-EXPT SEX BLOCK DATE DAYS KG RANK UC'iKG UCI K8O/KG KBO 8CQ LUNG LUNG
o...o . .°....... ... o.o.... .. ... ... °. . ... . ... . ... °.. . ..... ...... o~. .... .o...

9998 02-2142 M E 77116 400 9.2 50 0.062 0.57 2.3 21. 23.
966A 02-1948 M A 77004 431 11.1 51 0.058 0.64 2.1 24. 13.
1160V 02-2736 F L 79060 365 9.8 52 0.054 0.53 2.0 20. 17.
1160S 01-7736 F L 79060 365 9.3 53 0.053 0.49 2.0 18. 18.
980U 03-2076 F 8 77032 408 11.9 54 0.040 0.47 1.5 17. 13.
11395 02-2720 F J 79038 433 10.6 55 0.038 0.40 1.4 15. 15.
9888 03-2102 N C 77067 422 12.5 56 0.038 0.47 1.4 17. 13.
981S 02-2076 F 8 77032 403 10.2 57 0.038 0.39 1.4 U. 15.
10728 01-2396 m G 78017 425 11.4 58 0.034 0.39 1.3 14. 12.
11014 01-2556 m I 78160 390 10.6 59 0.030 0.32 1.1 12. 10.
1005U 03-2166 F D 77132 390 9.3 60 0.029 0.27 1.1 10. 9.2
1099S 02-2550 F m 78157 394 7.8 61 0.029 0.23 1.1 8.5 8.6
965A 03-1950 m A 77005 436 12.3 62 0.029 0.36 1.1 13. 11.
1121C 01-2618 M K 78250 401 10.4 63 0.026 0.27 0.96 10. 9.5
960A 03-1948 m A 77004 438 10.0 64 0.025 0.25 0.92 9.3 9.0
1034T 01-2232 F F 77214 400 6.4 65 0.023 0.15 0.8! 5.6 8.8
1096T 01-2550 F H 78157 407 9.8 66 0.019 0.19 0.70 7.0 7.6
982A 02-2102 m C 74067 437 10.5 67 0.018 0.19 0.67 7.0 6.7
11318 01-2720 F J 79038 439 7.6 68 0.014 0.11 0.52 4.1 5.6
9940 01-2142 m E 77116 441 10.9 69 0.012 0.13 0.44 4.8 4.8
9636 01-1948 N A 77004 436 11.9 70 0.011 0.13 0.41 4.8 4.3
1009S 02-2166 F 0 77132 380 10.6 71 0.010 0.11 0.37 4.1 3.7
1033U 02-2232 F F 77214 403 8.5 72 0.0060 0.053 0.22 2.0 2.4
961D 01-1956 m A 77007 448 11.6 C
975S 01-2084 F 8 77035 433 7.4 C
9880 01-2116 M C 77080 435 10.0 C
994C n*'•16 m E 77117 442 12.7 C
999T l1-2V68 F 0 77130 414 8.4 C
1033S 0'-22 0 F F 77231 419 9.6 C
1072C 01-2400 M G 78019 427 10.5 C
1104T 01-2558 F H 78157 378 7.0 C
1100C 01-2559 M I 78158 391 10.6 C
11220 01-2622 H K 78251 395 9.7 C
112NJ 01-?547 F J 78352 407 8.7 C
1152T 01-2719 F L 79060 391 10.0 C

UC?/KG RFPPESE7T3 ,ICPOVCIJIES OF PADICNUCL'OE PER KILOCRAM OF TOTAL gOY VEIGHT.
KSO/KG REPPSSE[T$ XILOSEQUtRELS Of PADICHUCLIOE PER KILCOGRAM CF TOTAL BODY UIIGHT.
DOSE RATE AND C'UUIAtIVE DOSE ARE PRESENTED AS FUNCTIONS OF TIME IN OATS AFTER INMALATION ExP'4rSt.
COWAENt: 0, E, OR S IkDICATt THE DOG DIED, WAS EUT4ANlZFD CR WAS SACRIFICED RESFECTIVYLT. PqoINENT Fl|*IN4S ARE

(1) $!GNIFIES AN INCIO•ENTAL FINOINC WHICH WAS NOT IM'DIAIELY LIFE-THEATERING.
CAUTION- TH. WECNSTPUCTED INITIAL LUNG SUROENS, DENOTED RY (R) AND (RCC) IN TO4T5 TABLE MAY BE TOO NION BECAUSE OF OUR

TN:! MAY LEAD TO CALCUI.ATED ORCAN DOSES THAT ARE TOO HIGH. THIS PROBLEM IS ESPECIALLY 1?tCTANT FOR DOGS I

Eul



CUMULATIVE ALPHA RADIATION DOSE (CY)
S............. .. .....................

TO 9-30-91 TO DEATH DAYS
... ....... .-------------- --.............

V8 H 61C REC. DEATH TO 9-30 TO
LUNG LUNG LUNG DATE 1991 DEATH CCMMENT

.... .... . .... -- - -.... ..... . . . . . ............... .................. °......

23. 8828 4129 E-MALIGNANT MIXED TUwCRLUNG
13. 81121 1578 E-PWEUM. AND FUL. FI6ROSIS;CARC.,LUNG
17. 87093 2955 D-CARCINCMA,LUNG
18. 88OA-3 3290 E-CARCINOMALLNG

13. 84347 2871 E-SWuA.CS CELL CARCINCMA,MsUTH
is. 4618

13. 87C41 3626 E-CARCINOVA,LUNG
15. 89110 4461 Ef-f:EO'4M;OUS CARCWP'CALUNG
12. 87084. E-CARCIWZWA,LUNG
10. 87194 3321 E-CARCiN4:;-A,LULNG
9.2 85030 2820 E-CAa,-.'N;0A,LU;NG

1.6 85029 2429 D-CARCING$A,LLNG
11. 90046 4789 E-PAPILLARY A0ENOCARCI#NCA,LUNG
9.5 89194 3962 E-PAPILLAPY ADENCCARCINGMA,LUNG
9.0 87118 3766 E-CARCINCHA,LUNG
8.8 89136 4355 E-HEMANrIOSARCC.A,LIVER; CARC..LUNG

7.6 4861
6.7 88175 4145 E-CARCIICOA,LUNG
5.6 ?1052 4397 E-CCNGESTIVE HEART FAILURE
4.8 89143 4410 E-PAPILLARY ACENOCARCINCOA,LUNG
4.3 91118 5227 D-CONGESTIVE HFAAT FAILURE;CARCINO(A,LUNG
3.7 87140 3660 E-CARCINOMA.LUNJG
2.4 90002 4536 D-AOEWOCARCINCVMA,PANCREAS

89097 4473 E-SOVAMOJS CELL CARClNCHA,TCNSIL
89219 4567 E-TPANSITICNAL CELL CARCINCMA,BLADDER

5306
89321 4587 E-NEPHRC6LASTCMA,KIDNEY
90353 4971 D-PELANOf4A,EYE

5155
83143 1950 O-COCGESTIVE HEART FAILURE

4864
4863
4 770

88181 3481 E-OSTEOARTHRITIS,BCNE
4596

-9 EXPOSURE.
PROMIINENT FINDINGS ARE INCLUDED.

BE TOO HIGH 3ECA':ST 7F CURRENT F4ALTIMCAL RPbICCPEM!CAL PROBLEMS.
IALLY IMPORTANT FOR COGS IN THE LOVER EXPOSURE LEVELS.
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A.22 23 9 puO2 Monodispere Aerosol (1.5 pm AMAD), Immature Longevity Study

CUMULATIVE ALPHA RADIATION DOSE
...... ..... .......... ........ ....

INHALATION EXPOSIURE TO 9-30-91 TO DEATH
0OG IOENTIFICATIhN -------- 13------------ ILB (USC) 11.8 (R) .......... ...............
........... AGE UT............................................. A. * -- wSC. UBC REC.
TATTOO AN-EXPT SEX BLOCt DATE DAYS KG RANK UCIi)h UC! KBQ/KG KBQ KSQ LUNG LUNG LUNG
------ .o...... ... ..... ..... .... .... .... °........ .o..... ... °... .. °.... ..... .. °... .•.... •. ..

1350A 01-3204 M E 81296 104 2.4 01 0.79 1.9 29. 70. 21. 13.
1380V 03-3408 F L 82266 96 3.9 02 0.74 2.9 27. 110. 130. 84.
1379A 01-3408 m i 82266 96 4.8 03 0.69 3.3 26. 120. 55. 24.
1331S 02-3122 F 0 81225 97 2.8 04 0.64 1.8 24. 67. 12. 0.62
1379T 02-3408 F 1 82266 96 4.7 05 0.57 2.7 21. 100. 84. 36.
1389A 01-3454 M K 83063 80 3.9 06 0.54 2.1 20. 78. 33. 18.
1367S 01-3314 F H 82091 89 3.3 07 0.55 1.8 20. 67. 30. 17.
1366C 01-3312 M G 82090 89 3.1 08 0.55 1.7 20. 63. 63. 36.
1331A 01-3122 M C 81225 97 4.1 09 0.51 2.1 19. 78. 34. 16.
1340T 01-3140 F F 81246 84 2.9 10 0.32 0.90 1.2. 33. 24.
1377T 03-3398 F J1 82244 100 3.6 11 0.28 0.99 10. 37. 27. 15.
1365S 01-3310 F H 82089 90 3.5 12 0.28 0.96 10. 36. 26. 15.
1351S 01-3216 F F 81321 95 2.6 13 0.28 0.74 10. 27. 23. 15.
1362A 01-3300 M G 82082 99 4.5 14 0.27 0.12 10. 4.4 3.3
1350C 02-3204 M E 81296 104 2.5 15 0.24 0.59 8.9 22. 14. 8.7
1217S 02-2856 F a 79228 101 3.9 16 0.22 0.86 8.1 32. 41. 22.
1331U 01-3124 F 0 81226 98 2.8 17 0.21 0.60 7.8 22. 19.
1390S 02-3454 F L 83060 80 3.1 18 0.21 0.66 7.8 24. 18.
13788 04-3398 N 1 82244 97 4.4 19 0.19 0.83 7.0 31. 24. 7.0
1337T 01-3130 F 0 81238 88 3.3 20 0.17 0.56 6.3 21. 18.
13360 03-3130 M E 81238 88 3.6 e1 0.17 0.60 6.3 22. 18.
1215A 01-2842 M A 79220 100 5.2 22 0.16 0.82 5.9 30. 32. 17.
1366A 02-3310 M G 82089 88 3.9 23 0.16 0.61 5.9 23. 15.
1337U 02-3130 F F 81238 88 3.0 24 0.16 0.46 5.9 17. 17.
12208 02-2844 M A 79721 84 2.4 25 0,16 0.39 5.9 14. 10.
1364S 01-3304 F H 82084 99 4.5 26 0.13 0.59 4.8 22. 14.
13878 01-3442 M K 82351 88 3.9 27 0.13 0.51 4.8 19. 12.
1365A 02-3304 m G 82084 85 3.7 28 0.13 0.49 4.8 18. 11.
1377S 01-3390 F 1 82224 80 3.3 29 0.12 0.38 4.4 14. 9.4
1377A 02-3390 M 1 82224 80 3.4 30 0.10 0.35 3.7 13. 8.2
13849 01-3418 M K 82287 83 3.5 31 0.094 0.33 3.5 12. 8.4
1384S 02-3418 F L 82287 83 2.8 32 0.089 0.25 3.3 9.3 6.6
1222T 02-2852 F a 79227 79 1.9 33 0.079 0.15 2.9 5.6 16. 10.
1376A 01-331i M I t2223 87 2.2 34 0.074 0.16 2.7 5.9 5.5
1339A 01-3)3 M E 81239 82 3.6 35 0.072 0.26 2.7 9.6 6.1
1324T 01-3098 F 0 81174 98 5.3 36 0.069 0.39 .2.6 14. 9.S
1376T 02-3386 F J 82223 87 2.2 37 0.068 0.15 2.5 5.6 6.0
1363s 02-3302 F x 82083 100 3.3 38 0.067 0.22 2.5 811 6.9
1220T 01-2856 F 9 79226 91 2.5 39 0.065 0,16 2.4 5.9 5.4
136.A 01-3302 M G 82083 98 3.9 40 0.056 0.22 2.1 8.1 6.2
13340 02-3126 M E 81231 95 2.2 41 0.056 0.12 2.1 4.4 3.5
1222S 03-2852 F s 79227 79 1.6 42 0.054 0.083 2.0 3.1 2.9
1217A 01-2844 M A 79221 94 4.8 43 0.052 0.25 1.9 9.3 6.1
1387A 02-3442 M K 82351 88 4.5 44 0.053 0.24 2.0 8.9 5.2
13875 03-3"2 F L 82351 88 3.0 45 0.047 0.14 1.7 5.2 4.1
1384A 02-3416 M K 82286 82 3.7 46 0.043 0.16 1.6 5.9 4.4
1382S 01-3416 F L 82286 92 4.1 47 0.039 0.16 1.4 5.9 4.8
1338T 02-3132 F F 81239 84 2.5 48 0.039 0.095 1.4 3.5 3.3
13348 01-3126 M C 81231 95 3.1 49 0.035 0.11 1.3 4.1 2.6



ATMVE ALPHA RADIATIOH DOSE (GY)

0 9-30-91 TO DEATH DAYS
o ° °... ...... . ......... ... . •............ .

w1c wl'C REC. DEATH TO 9-30 TO
LUNG LUNG LUNG DATE 1991 DEATH COM.

1
ENT

...... .. .. ... .. ... - --. ..... . ... .. ... ° .................... .... ...... ........ o....

13. 87014 1909 E-CARCIPCMA,LUNG
8t. 8W012 1937 E-CARCINOCA,LUNG
24. 87103 1663 O-CARCZNc*,A,LUNG
0.62 81271 46 D-PARVOV;PUS INFECTI04

36. 86311 1506 E-CARCINCNA,LUNG
18. 86316 1352 D-CARC INCIA,LUNG
17. 86210 1580 E-CARCINVCA,LUNG
36. 86051 1422 D-PNEUMONITMS; CARCINOMA,LUNG
16. 86010 1611 O-PNEUMONITIS; CARCiNC#tA,LUNG

24. 3679
15. 86169 1386 E-PNELAONITIS; CARCINOMA,LUNG
15. V210 1947 E-CARCINCOA,LUNG
15. 8705: 1925 E-CARCINCOA,LUNG

3.3 3478
8.7 86322 1852 E-ACCIOENTAL DEATH

22. 84102 1700 E-RAD. PNEUM.;S.I.. CARCINOA,LUNG
"" 19. 88166 2496 E-CAACINOMA,LUNG

18. 3135
7.0 842!3 739 O-HMOERHAGZC ENTERITIS

18. 3687
18. 3687

17. 85354 2326 E-CARCiNOMA,LUNG
15. 59249 2717 E-PILMCNARY CARCINGRA,PULTIPLE
17. 91235 3649 E-CARCINOMA,LUNG
10. 87316 3017 E-CARC:NMOA,LLNG
14. 87239 1981 E-CARCINC*MA,LU?:G
12. 55088 2294 E-'AENOSCUAMrXS CAgCINC*MA,LUU
1!. 88200 2307 E-CARCINCOA,LUNG
9.4 80251 2218 D-PNEUiONITIS/FItS!S; CARC.,LU4G

8.2 3336
8.4 3273

6.6 832M 2190 E-ASTROCYTC-4A,9RAIX
10. 87078 2773 E-CARCINCMA,LUNG

5.5 3337
6.1 3686

9.5 91036 3514 E-tRC, 4041A, LUNG
6'a 33?7
6.9 3477

5.4 8MD01 29M E-CARCINOMA,LUNG
6.2 3477
3.5 3694
2.9 "29

6.1 9*023 4185 D-CARCIN(WAtJyr'
5.2 90058 2629 E-ADECACI41C.4, LUNG

4.1 3209
4.4 3,77
4.8 3274
3,3 3.686
2.6 3694

!69



A.22 2 3 9 puO2 Mionodisperse Aerosol (1.5 pm AMAD), Immature Longevity Study (continued)

CUMULATIVE At

INHALATION EXPOSURE TO 9-30-1
DOG IDENTIFICATION ----------------------- -ILB (WBC) ILS (R) .........
...........-....... AGE WT ----------------------------------------.-------- wc

TATTOO AN-EXPT SEX BLOCK DATE DAYS KG RANK UCI/KG LUCI KBG/KG KBQ KBO LUNG
...... ..... .. ... ..... ..... .... .... . .......... ......... ....... ....... .... . .......

13678 01-3320 M 1 82097 95 4.7 50 0.030 0.14 1.1 5.2 3.4
1368T 02-3320 F J 82097 88 2.7 51 0.026 0.070 0.96 2.6
12158 03-2842 H A 79220 100 4.6 52 0.024 0.11 0.89 4.1 11.
1331C 02-3124 M C 81226 98 4.0 53 0.024 0.093 0.89 3.4 12.
1341S 02-3140 F F 81246 84 2.6 54 0.024 0.062 0.89 2.3 2.4
1220D 02-2842 M A 79220 83 2.2 55 0.023 0.050 0.85 1.9 1.5
1320s 01-3068 F 0 81128 90 3.8 56 0.021 0.080 0.78 3.0 2.4
1320A 01-3066 m C 81127 89 4.6 57 0.020 0.093 0.74 3.4 43.
1320C 02-3066 M C 81127 89 4.1 58 0.020 O.C80 0.74 3.0
1220S 02-2848 F a 79226 89 3.4 59 0.018 0.059 0.67 2.2 1.9
1362S 02-3300 F H 820872 99 3.8 60 0.017 0.063 0.63 2.3 2.0
13818 03-3414 M K 82288 99 5.3 61 0.015 0.078 0.55 2.9 1.8
1381T 04-3414 F L 82288 99 4.4 62 0.015 0.065 0.55 2.4 1.6
1373U 03-3384 F 1 82222 100 4.0 63 0.014 0.054 0.52 2.0
1374A 02-3384 M 1 82222 94 3.0 64 0.014 0.043 0.52 1.6 1.1
1340A 01-3138 M E 81245 83 3.8 65 0.013 0.049 0.48 1.8 1.2
1221T 01-2864 F 8 79234 95 1.8 66 0.013 0.023 0.48 0.85 0.87
1373T 01-3384 F H 82222 100 4.2 67 0.012 0.051 0.44 1.9 1.4
1335A 01-3128 M C 81232 83 3.4 68 0.0094 0.032 0.35 1.2 0.80
13188 01-3054 m C 81100 96 3.5 69 0.0064 0.022 0.24 0.81 0.58
1352C 01-3222 M G 81338 97 4.0 70 0.0063 0.025 0.23 0.92 0.59
1340S 02-3138 F F 81245 83 2.6 71 0.0058 0.015 0.21 0.55 0.45
1221C 03-2840 M A 79219 80 2.4 72 0.0054 0.013 0.20 0.48 5.2
1334S 03-3126 F F 81231 92 3.7 73 0.0049 0.018 0.18 0.67 0.63
13778 01-3398 m 1 82244 100 4.4 74 0.0045 0.020 0.17 0.74 0.49
1357S 02-3228 F H 8,008 96 3.2 75. 0.0034 0.011 0.13 0.41
1378S 02-3398 F J 82244 97 4.2 76 0.0029 0.012 0.11 0.44 0.30
1386A 01-3432 m K 82323 94 4.3 77 0.0026 0.011 0.096 0.41 0.28
1386S 02-3432 F L 82323 94 3.5 78 0.0025 0.0088 0.093 0.33 0.31
1357B 01-3228 M G 82008 96 4.4 79 0.0025 0.011 0.093 0.41 0.31
1342A 01-3160 m E 81265 97 3.3 80 0.0021 0.0070 0.078 0.26 0.20
1223S 03-2848 F a 79226 78 2.7 81 0.0021 0.0057 0.078 0.21 0.14
1217C 02-28,40 H A 79219 92 ..4 82 0.0012 0.0051 0.044 0.19 0.14
12148 01-2840 M A 79219 100 6.0 83 0.00095 0.0057 0.035 0.21 0.11
1335T 02-3128 F 0 81232 83 2.9 84 0.00093 0.0027 0.034 0.10 0.076
1381S 02-3414 F L 82258 99 3.9 85 0.00082 0.0032 0.030 0.12 0.084
1381A 01-3414 M K 82288 99 5.7 86 0.00060 0.0034 0.022 0.13 0.073
13398 01-3134 M E 81243 86 3.0 87 0.00058 0.0017 0.021 0.063 0.043
1317U 02-3052 F D 81099 99 3.6 88 0.00056 0.0020 0.021 0.074
1319S 03-3052 0 D 81009 94 4.t 89 0.00054 0.0022 0.020 0.081 0.060
1355A 01-3224 M G 81356 91 5.0 90 0.00040 0.0020 0.015 0.074 0.046
1317A 01-3052 M C 81099 98 3.9 91 0.00036 0,0014 0.013 0.052
1367A 01-3316 M 1 82092 90 4.8 92 0.00035 0,0017 0.013 0.063
1355T 02-3224 F H 81356 91 4.1 93 0.00032 0.0013 0.012 0..048 0.031
1338S 02-3134 F F 81243 88 2.8 94 0.00031 0.00085 0.011 0.031 0.026
1217T' 01-2848 F 8 79226 99 5.0 95 0.00030 0.0015 0.011 0.056 0.050
1368S 02-3316 F J 82092 83 3.0 96 0.00025 0.00076 0.0093 0.023 0.023
12168 02-2857 m A 79228 108 5.2 C
1223T 01-2875 F B 79240 92 2.8 C
1317S 01-3055 F D 81100 99 3.3 C
13180 02-3055 M C 81100 96 4.2 C
1342T 01-3162 F F 81268 100 3.1 C
1
345A 01-3163 M E 81272 83 3.5 C

1353A 01-3223 M G 81342 97 2.5 C
1358S 01-3264 F N 82020 101 3.5 C
13688 01-3318 M 1 82097 SS 3.7 C
1376U 01-3388 F 1 82225 89 2.7 C
1380W 02-3410 F L 82267 97 3.8 C
13868 01-3433 M K 82326 97 4.1 C

UCI/KG REPRESENTS MICROCURIES OF RADIONUCLIDE PER KILOGRAM OF TOTAL BCOY WEIGHT.
KBQ/KG REPRESENTS KILOBEOUERELS OF RADIONUCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.
DOSE RATE AND CUMULATIVE DOSE ARE PRESENTED AS FUNCTIONS OF TIME IN DAYS AFTER INHALATION EXPOSURE.
"COMMENT: 0, E, OR S INDICATE THE DOG DIED, WAS EUTHAmIZED OR WAS SACRIFICED RESPECTIVELY. PROMINENT FIND.

(1) SIGNIFIES AN INCIDENTAL FINDING WHICH WAS NOT IMMEDIATELY LIFE-THEATENING.
CAUTION: THE RECONSTRUCTED INITIAL LUNG BURDENS, DENOTED BY (R) AND (REC) IN THIS TABLE MAY BE TOO NIGH BECAU

THIS MAY LEAD TO CALCULATED 0RGASI DOSES THAT ARE TOO HIGH. THIS PROBLEM IS ESPECIALLY IMPORTANT F,



:ontinued)

CUMULATIVE ALPHA RADIATION DOSE (GY)S.......... ..........................

TO 9-30-91 TO DEATH DAYS"ILS (R) .......... ...............-..............

C............ waC WBC REC. DEATH TO 9-30 TO
KBo KBQ LUNG LUNG LUNG DATE 1991 DEATH COMMENT
-..... ........... ...... .... .... ....... . ... ..... ........ ........ ........----............

5.2 3.4 3463
2.6 2.2 90277 3102 0-CONGESTIVE HEART FAILURE
4.1 11. 4.9 83317 1558 D-HEMORRHAGIC ENTERITIS
3.4 12. 4.2 83246 750 D-HEMOLYTIC ANEMIA
2.3 2.4 3679
1.9 1.5 4436
3.0 2.4 3797
3.4 43. 23. 86135 1834 E-CARCINOMA,LUNG
3.0 1.7 87209 2273 E-CARCINCMA,LUNG
2.2 1.9 4430
2.3 2.0 3L78
2.9 1.8 3272
2.4 1.6 3272
2.0 1.5 90159 2859 O-HISTIOCYTIC SARCOMA; ADENOCARCINCMA, LUNG
1.6 1.1 3338
1.8 1.2 3680
3.85 0.87 4422
1.9 1.4 3338
1.2 0.80 3693
3.81 0.58 3825
1.92 0.59 3587
J.55 0.45 3680
3.48 5.2 2.1 81332 844 D-EPILEPSY
3.67 0.63 3694
3.74 0.49 3316
3.41 0.12 83131 488 E-UNDETERMINED
3.44 0.30 3316
).41 0.28 3237
3.33 0.31 3237
).41 0.31 3552
3.26 0.20 3660
1.21 0.14 4430
).19 0.14 4437
3.21 0.11 4437
3.10 0.076 3693
3.12 0.084 3272
).13 0.073 3272
3.063 0.043 3682
3.074 0.058 91317 3570 E-CARCINOMA,NASAL CAVITY;CARCINCHA,LUNG
3.081 0.060 3826
).074 0.046 3569
3.052 0.030 86105 1832 E-NEURCFIBROSARCCMA,PERITONIUM
3.063 0.038 91004 3199 E-FISROSARCOMA,LIVER
3.048 0.031 3569
).031 0,026 3682
).056 0.050 4430
).028 0.023 3468

80113 250 0-ACUTE PULMONARY EDEMA
4416
3825
3825
3657
3653
3583
3540
3463
3335
3293
3234

I HT.•IGllT.

7R INHALATION EXPOSURE.
'ESPECTIVELY. PROMINENT FINDINGS ARE INCLUOED.
ZATENING.
IS TABLE MAY BE TCO HIGH BECAUSE OF CURRENT ANALYTICAL RADIOCHEMICAL PROBLEMS. 170
.EM IS ESPECIALLY IMPORTANT FOR DOGS IN THE LO'ER EXPOSURE LEVELS.



A.23 2 3 9 puO2 Monodisperse Aerosol (1.5 ;m AMAD), Aged Longevity Study

CUMULATIVE ALPHA RADIATIOPS~... ....................... ,

INHALATION EXPOSURE TO DEATR
DOG IDENTIFICATION ------------------------ IL (WBC) ILB (R) ....................
................... AGE WT ..................................-....... wac
TATTOO AN-EXPT SEX BLOCK DATE DAYS KG RANK UCI/KG UCI KBO/KG KBO KBQ LUNG

412C 02-2754 M C 79101 3520 10.8 01 0.66 7.1 24. 260. 35.
503A 01-2878 M E 79282 3256 12.9 02 0.53 6.9 20. 260. 280
482S 02-2878 F H 79282 3352 9.5 03 0.57 5.4 21. 200. 220
606T 01-2954 F L 80176 3068 9.8 04 0.52 5.1 19. 190. 96
3858 01-2760 m A 79115 3649 11.7 05 0.39 4.6 14. 170. 33.
637T 02-2954 F L 80176 2942 9.8 06 0.40 3.9 15. 140. 120
450S 04-2812 F F 79144 3382 10.9 07 0.34 3.7 13. 140. 230
637A 02-3344 M 1 82169 3666 11.7 08 0.32 3.8 12. 140. 340
363T 01-2754 F D 79101 3760 9.7 09 0.29 2.8 11. 100. 110
351C 03-2752 m C 79100 3784 10.4 10 0.26 2.7 9.6 100. 93
7290 01-3348 m K 82182 3304 8.8 11 0.24 2.1 8.9 78. 250
519U 02-2928 F J 80045 3295 11.0 12 0.23 2.5 8.5 93. 93
693A 01-3344 m G 82169 3443 10.8 13 0.23 2.5 8.5 93. 260
492T 01-2880 F H 79283 3317 9.8 14 0.22 2.3 8.1 85. 74
389A 02-2812 m A 79144 3665 12.9 15 0.19 2.4 7.0 89. 120
360U 03-2812 F 8 79144 3812 9.9 16 0.17 1.7 6.3 63. 4.6
590S 01-2928 F J 80045 3022 8.1 17 0.17 1.4 6.3 52. 41
365S 03-2756 F D 79102 3757 10.6 18 0.16 1.7 5.9 63. 100
424T 01-2812 F F 79144 3480 11.2 19 0.15 1.7 5.6 63. 100
483S 03-28P0 F H 79283 3344 11.9 20 0.14 1.7 5.2 63. 13.
378S 03-2758 F 8 79114 3687 12.1 21 0.13 1.6 4.8 59. 63
343U 02-2756 F D 79102 3826 11.6 22 0.13 1.5 4.8 56. 7.6
7238 01-3342 m G 82167 3301 9.9 23 0.12 1.2 4.4 44. 16,
638A 03-3342 M K 82167 3661 9.5 24 0.12 1.1 4.4 41. 200
6828 02-3342 M 1 82167 3482 11.0 25 0.10 1.1 3.7 41. 170
480T C2-2814 F F 79145 3215 8.8 26 0.11 0.98 4.1 36. 56
5038 03-2878 M E 79282 3256 12.9 27 0.10 1.3 3.7 48. 59
346S 02-2758 F 8 79114 3&29 11.7 28 0.10 1.2 3.7 44. 52
627S 01-2956 F L 80177 2973 8.8 29 0.10 0.87 3.7 32. 17.
466A 02-2880 M E 79283 3411 10.4 30 0.092 0.96 3.4 36. 36
3590 02-2752 M C 79100 2768 7.8 31 0.083 0.65 3.1 24. 28
3878 03-2814 M A 79145 3676 11.6 32 0.075 0.87 2.8 32. 56
375T 01-2756 F D 79102 3679 10.6 33 0.073 0.78 2.7 29. 37
595T 01-2930 F J 80042 3154 9.9 34 0.066 0.65 2.4 24. 32
6929 03-3340 M K 82166 3443 8.2 35 0.(,68 0.56 2.5 21. 41
7858 02-3340 M 1 82166 2986 9.1 36 0.066 0.60 2.4 22. 41
6810 01-3340 N G 82166 3486 10.1 37 0.062 0.63 2.3 23. 110
378C 01-2752 M C 79100 3673 10.8 38 0.047 0.51 1.7 19. 27
370s 01-2758 F 5 79114 3710 8.1 39 0.048 0.39 1.8 14. 7.0
6395 02-2956 F L 80177 2935 13.4 40 0.032 0.43 1.2 16. 7.6
536S 02-2930 F 1 80046 3263 11.7 41 0.034 0.40 1.3 15. 21
719A 04-3342 M K 82137 3321 12.5 42 0.027 0.34 1.0 13. 31
467S 01-2814 F F 79145 3265 12.3 43 0.024 0.30 0.89 11. 35
484A 01-2882 M E 79284 3345 11.5 44 0.026 0.30 0.96 11. 29
719S 01-3338 M G 82162 3316 10.5 45 0.022 0.23 0.81 8.5 27
3468 01-2762 N A 79116 3831 12.7 46 0.024 0.31 0.89 11. 19
477S 02-2882 F H 79284 3363 12.0 47 0.023 0.28 0.85 10. 4.5
7318 02-3338 M 1 82162 3272 6.7 48 0.013 0.09 0.48 3.3 2.9
361S 02-2765 F D 79099 3357 12.7 C
367A 01-2765 M C 79099 3729 11.9 C
373S 01-2757 F B 79113 3694 7.5 C
398C 02-2757 M A 79113 3575 12.6 C
459U 01-2815 F F 79149 3319 10.5 C
495S 02-2884 F N 79285 3292 10.1 C
510A 01-2884 M E 79285 3208 9.5 C
564T 01-2932 F J 80046 3154 9.9 C
625S 01-2952 F L 80177 2977 9.9 C
6558 02-3346 M I 82168 3621 8.9 C
713A 01-3346 M G 82168 3370 10.4 C
785A 03-3346 M K 82168 3002 8.3 C

UCI/KG REPRESENTS MICROCURIES OF RADIONUCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.
K8C/KG REPRESENTS KILOBEQUERELS OF RADIONUCLIDE PER KILOGRAM OF TOTAL BODY WEIC1T.
DOSE RATE AND CUMULATIVE DOSE ARE PRESENTED AS FUNCTIONS OF TIME IN DAYS AFTER INHALATION EXPOSURE.
COiMMENT: 0, E, OR S INCICATE THE DOG DIED, WAS EUTHANIZED OR WAS SACRIFICED RESPECTIVELY. PROMINENT FINDINGS ARE IN(

(1) SIGNIFIES AN INCIDENTAL FINDING WHICH WAS NOT IMMEDIATELY LIFE-THEATENING.
CAUTION: THE RECONSTRUCTED INITIAL LUNG BURDENS, DENOTED BY (R) AND (REC) IN THIS TABLE MAY BE TOO HIGH BECAUSE OF CJRREN

THIS MAY LEAD TO CALCULATED ORGAN DOSES THAT ARE TOO HIGH. THIS PROBLEM IS ESPECIALLY IMPORTANT FOR DOGS IN 1



CUMULATIVE ALPHA RADIATION DOSE (GY)

TO DEATH
... ........ ..............

USC REC. DEATH DAYS TO
LUNG LUNG DATE DEATH COMMENT

35. 80033 297 D-PNEUVIONITIS
23. 80121 204 D-PLEURITIS (NOCARDIA SP.)
51. 81057 506 E-PNEUMONITIS AND PULMONARY FIBROSIS
7.5 80317 141 E-CARCINOMA, MAMMARY GLAND

33. 80270 520 D-PNEUMONITIS
35. 82126 681 E-PNEUMONITIS AND PULMONARY FIBROSIS
29. 80059 280 E-PNEUMONITIS
24. 82321 152 D-PNEUMONITIS AND PULMONARY FIBROSIS
12. 79309 208 D-PNEUMONITIS
26. 81100 731 D-PULMONARY FIBROSIS
28. 83007 190 E-LYMPHOSARCOMA-LIVER
26. 82116 802 E-PNEUMONITIS AND PULMONARY FIBROSiS
20. 82316 147 E-PNEUMONITIS AND PULMONARY FIBROSIS
20. 81199 647 D-PNEUMCNITIS AND PULMONARY FIBROSIS
21. 80271 49. E-PNEUMONITIS

4.6 79273 129 D-PNEU4ONITIS
18. 82322 1008 E-PNEUMONITIS AND PULMONARY FIBROSIS
p1. 80234 497 D-PNEUMONITIS
23. 80358 S79 E-PNEUMONITIS AND PULMONARY FIBROSIS

13. 81153 601 E-PNE.,MONITIS AND PULMONARY FIBROSIS
19. 82012 994 D-PERITONITIS

7.6 80070 333 D-PNEUMONITIS
32. 83259 457 E-PNEUMONITIS AND PULMONARY FIBROSIS
23. 83014 212 D-PNEUMONITIS AND PULMONARY FIBROSIS
14. 82334 167 D-PNEUMON!TIS AND PULMONARY FIBROSIS
21. 81350 936 D-LYMPHOSARCCMA-DUCOENUM
16. 82113 927 E-PNEUMONITIS AND PULMONARY FIBROSIS
16. 81361 978 D-PNEUMONITIS AND PULMONARY FIBROSIS

1 .7. 84125 1409 E-PNEUMONITIS AND PULMONARY FIBROSIS
15. 83080 1258 E-PNELMONITIS AND PULMONARY FIBROSIS
17. 83105 1466 E-PNEUMONITIS ANID PULMONARY FIBROSIS
18. 82061 1012 D-CARDIAC FAILURE
12. 81249 878 E-PNEUMONITIS AND PULMONARY FIBROSIS
13. C3067 1117 E-PNEUMGNITIS AND PULMONARY FIBROSIS
23. W184 1479 D-ISLET CELL CARCINCMA,PANCREAS
22. 86286 1581 E-PNEUM. AND PUL. FIBROSIS;PUL. CARC.
24. 83291 490 E-PNEUMONITIS AND PULMCNARY FIBROSIS
14. 84166 1892 E-PNEUM. AND PUL. FIBROSIS;PUL. CARC.

7.0 82123 1105 D-ACCIDENTAL DEATH
7.6 88096 2841 E-CARCINOMA,LUNG

8.2 83290 1340 E-CARCINOMA,TONSIL
13. 87149 1808 E-PNEUM. AND PUL. FIBROSIS;PUL. CARC.
16. 84316 1997 D-THROMBOSIS,LUNG
14. 85081 1989 E-PNEUM. AND PUL. FIBROSIS;PUL. CARC.
10. 85179 1113 E-LIVERDEGENERATICN
1.9 80004 253 E-MALIGNANT MELANcOA

4.5 84279 1821 E-PNEUMONITIS AND PULMONARY FIBROSIS
2.9 88153 2182 E-VISCERAL LYMPHOSARCOMA

85087 2176 E-CARCINCMA.MCJTH
85358 2447 E-ADENOCARCINcIA,LUNG
83327 1675 E-ADENOCARCINCMA,MAMMARY
83031 1379 E-TONSIL SQUAMOUS CELL CARCINOMA
82342 1289 D-CARCINKMA,IDNEY
81139 585 D-ACCIDENTAL DEATH

85225 2132 D-BRONCMOPNELUONIA,LUNG
85141 1922 E-MELONOMA,MOJTH
86352 2369 D-CONGESTIVE HEAR; FAILURE
85012 926 D-CHEMOOECTOtA,MALIGNANT
87051 1695 E-NEPHRITIS,(I14EY
88090 2099 E-CARCINOmA,BLADDER

EXPOSURE.
PROMINENT FINDINGS ARE INCLUDED. 171

E TOO HIGH BECAUSE OF CURRENT ANALYTICAL RADIOCHEMICAL PROBLEMS.
LLY IMPORTANT FOR DOGS IN THE '.•R EXPOSURE LEVELS.



A.24 23 9 PuO 2 Mionodisperse Aerosol (0.75 um AMIAD), Repeated Exposure Study

INHALATION FIRST EXPOSURE MAXIMUM A
DOG IDENTIFICATION EXPOSURE ----------------- TLB (W8) ALPHA DO.
................... ............ AGE WT ----------------------------- NUMBER OF DOSE RATE - --
IATTOO AN-EXPT SEX GROUP BLOCK DATE DAYS KG NCI/KG NCI KBO/KG KBQ EXPOSURES GY/DAY TO 9
-- -- . . . . . . . . ....... .... ............ -- - ----.---.----- ---.---.. ......... ......... ....-- ---

1028A 01-2244 m I A 77229 433 11.1 14 150 0.52 5.6 1 .0032
1036A 02-2244 M I C 77229 406 11.7 7 80 0.26 3.0 1 .0016
1025A 03-2244 m C 77229 437 12.0 16 190 0.59 7.0 1 .0038
10288 04-2244 m I A 77229 433 9.0 9 80 0.33 3.0 1 .0021
1044U 01-2266 F I B 77243 379 7.7 12 90 0.44 3.3 1 .0028
10508 02-2266 M I E 77243 368 10.8 17 180 0.63 6.7 1 .0040
1040S 03-2266 F I B 77243 395 8.8 10 90 0.37 3.3 1 .0025
1050A 04-2266 m I E 77243 368 11.2 10 110 0.37 4.1 1 .0024
1055t? 01-2292 F 1 0 77271 387 8.1 19 150 0.70 5.6 1 .0044
1050s 02-2292 F D 77271 396 9.4 15 140 0.56 5.2 1 .0036
10518 03-2292 M I G 77271 395 11.3 13 150 0.48 5.6 1 .0032
10588 04-2292 m I G 77271 369 10.0 15 150 0.56 5.6 1 .0036
1061A 01-2318 m 1 I 77291 371 10.3 20 210 0.74 7.8 1 .0049
1060S 02-2318 F I F 77291 384 10.3 17 .170 0.63 6.3 1 .0040
1055T 03-2318 F I F 77291 407 9.9 17 170 0.63 6.3 1 .0041
10608 04-2318 m 1 I 77291 384 9.9 13 130 0.48 4.8 1 .0031
1063C 01-2348 M I K 77312 390 9.1 12 110 0.44 4.1 1 .0029
10678 02-2348 m I K 77312 371 8.4 '2 100 0.44 3.7 1 .0029
1061T 03-2348 F I H 77312 392 8.5 25 210 0.93 7.8 1 .0059
1062S 04-2348 F I H 77312 391 8.9 19 170 0.70 6.3 1 .0046
1077U 01-2388 F I L 78010 405 7.9 33 260 1.2 9.6 1 .0079
1077V 02-2388 F I J 78010 405 8.0 26 210 0.96 7.8 1 .0063
1073T 03-2388 F I L 78010 417 8.4 70 590 2.6 22. 1 .017
1077s 04-2388 F I J 78010 405 8.4 25 210 0.93 7.8 1 .0060
1027C 03-2246 M It A 77230 435 12.4 130 1500 5.0 54. 10 .018
1040C 04-2246 m II C 77230 382 10.1 120 1300 4.4 47. 9 .018
1036S 01-2268 F II 8 77244 421 9.6 120 1200 4.3 46. 9 .016
1045D 02-2268 m II E 77244 379 10.6 140 1500 5.0 55. 10 .018
1055U 01-2294 F II 0 77272 388 8.6 130 1200 4.7 43. 10 .018
10510 03-2294 M II G 77272 396 10.7 120 1200 4.3 46. 9 .017
10628 01-2320 m II I 77292 371 12.3 150 2000 5.6 75. 10 .021
1049S 03-2320 F II F 77292 419 9.8 110 1200 4.1 45. 8 .017
1061S 01-2350 F II H 77313 393 *8.4 180 1600 6.8 58. 9 .027
1064A 02-2350 M II K 77313 391 10.3 150 1500 5.4 54. 9 .021
1070S 01-2390 F II L 78011 421 8.2 140 1300 5.3 49. 10 .023
1069S 04-2390 F II 1 78011 424 10.2 180 1800 6.7 67. 9 .028
10378 01-2248 M III C 77231 397 9.7 23 240 0.85 8.9 20 .0027
10256 02-2248 M III A 77231 439 10.7 21 220 0.78 8.3 18 .0024
10276 03-2248 m Itl A 77231 436 10.9 13 160 0.48 6.0 12 .0017
1035A 04-2248 m III C 77231 410 8.5 24 210 0.89 7.9 19 .0026
10418 01-2272 M III E 77245 384 9.6 24 240 0.89 8.9 19 .0026
10468 02-2272 M III E 77245 378 7.2 25 200 0.93 7.5 16 .0027
1035U 03-2272 F Il1 B 77245 424 7.4 24 180 0.89 6.8 16 .0029
1029U 04-2272 F III 8 77245 446 8.4 27 220 1.0 8.1 18 .0030
10548 01-2296 m III G 77273 392 9.6 24 260 0.89 9.6 17 .0026
1057A 02-2296 M III G 77273 371 10.1 30 330 1.1 12. 20 .0030
1046T 03-2296 F It! 0 77273 4G6 7.3 11 85 0.41 3.1 2 .0024

" 1051S 04-2296 F III. D 77273 397 9.0 34 330 1.3 12. 19 .0C35
1051A 01-2322 m III 1 77293 417 11.7 26 300 0.96 11. 18 .0027

0
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II
MAXIMUM CUMThULATIVE

• _.•;MXMM ALPHA RADIATION DAYS FROM FIRST
• .ALPHA DO)SE TO LUNG (GY) EXPOSURE TO

UMBER OF DOSE RATE-----------------------DEATH ........
,.XPOSURES GY/DAY TO 9"30-91 TO DEATH DATE 9-30-91 DEATH COMMENT

1 .0032 5.9 88284 4072 E-DISSEMINATED SARCOMA
1 .0016 2.9 88083 3871 E-PAPILLARY ADENOCARCINOMA, LUNG
"1 .0038 6.3 87189 3612 E-CARCINOMA, LUNG
1 .0021 3.6 87317 3740 D-CONGESTIVE FAILURE, KEART
1 .0028 5.6 90290 4795 E-CARCINOMA,LUNG
1 .0040 8.1 90351 4856 E-MULTIPLE CARCINOMA,LUNG
S.0025 2.5 82068 1651 D-IMMUNE HEMOLYTIC ANEMIA
1 .0024 4.7 5143
1 .0044 9.1 91137 4979 E-CARCINOMA,LUNG
1 .0036 5.9 87183 3564 D-HEPATIC DEGENERATION;CARCINOMA,LUNG
1 .0032 5.5 88063 3809 D-PAPILLARY ADENOCARCINOMA, LUNG
1 .0036 6.8 89236 4348 E-ADENOSQUAMOUS CARCINCOMA,LUNG
1 .0049 7.8 86343 3339 E-CARCINOMA, LUNG
1 0040 6.4 87105 3466 E-MAMMARY GLAND ADENOCARCINOMA
1 0041 6.8 87197 3558 E-CARCINOMA, LUNG
1 .0031 4.4 85084 2715 E-CARCINOMA, LUNG
1 .0029 5.1 88196 3901 D-MALIGNANT MIXED TUMOR, LUNG
1 .0029 5.7 5074
1 .0059 9.6 87125 3465 E-CARCINOMA, LUNG
1 .0046 3.5 80247 1030 E-VERTEBRAL DISC HERNIATION
1 .0079 16. 90338 4711 E-CARCINOMA,LUNG
1 .0063 11. 89089 4097 E-PAPILLARY ADENOCARCINOMA,LUNG
1 .017 15. 83104 1920 E-PNEUMONITIS AND PUL. FIBROSIS;PUL. CARC.
1 .0060 9.3 86304 3216 D-CARCINOMA, LUNG

10 .018 24. 83047 2008 E-PNEUMONITIS AND PULMONARY FIBROSIS
9 .018 17. 82088 1684 E-PNEUMONITIS AND PULMONARY FIBROSIS
9 .016 16. 82041 1623 E-PNEUMONITIS AND PULMONARY FIBROSIS

10 .018 22. 82326 1908 D-PNEUMONITIS AND PUL. FIBROSIS;PUL. CARC.
10 .018 20. 83025 1944 E-PNEUMONITIS AND PULMONARY FIBROSIS

9 .017 20. 82341 1895 E-PNEUMONITIS AND PULMONARY FIBROSIS
10 .021 27. 83114 2013 D-PNEUMONITIS AND PULMONARY FIBROSIS

8 .017 14. 81293 1462 E-PNEUMONITIS AND PULMONARY FiBROSIS
9' .027 26. 82118 1631 E-PNEUMONITIS AND PULMONARY FIBROSIS
9 .021 24. 82316 1829 E-PNEUMONITIS AND PUL. FIBROSIS;PUL. CARC.

10 .023 30. 84194 2374 D-S.A. CARC.,LUNG;OSTEOSARCOMA,MANDIBLE
9 .028 31. 83077 1892 D-PULMONARY CARCINOMA

20 .0027 7.1 87222 3643 E-CARCINOMA, LUNG
18 .0024 6.3 87292 3713 E-SOUAMCUiS CARCINOMA,LUNG
12 .0017 2.5 83165 2125 D-RUPTURED GALL BLADDER
19 .0026 8.1 89220 4372 E-PAPILLARY ADENOCARCINCOWA,LUNG
19 .0026 6.4 86335 3377 E-CARCINOMA, LUNG
16 .0027 6.1 85356 3033 D-CARCINHOA,PITUITARY
16 .0029 8.0 88362 4134 E-TRANSITIONAL CELL CARCINOMA,BLADDER
18 .0030 7.4 87164 3571 E-CARCINOMA, LUNG
17 .0026 6.5 86191 3205 E-ACENOCARCINOMA,LUNG
20 .0030 11. 89030 4140 E-PAPILLARY ADENOCARCINC0A,LUNG

2 .0024 0.86 78272 364 D-ACCIDENTAL DEATH
19 .0035 10. 87238 3617 E-CARCINOMA, LUNG
is .0027 8.0 87230 3589 E-CARCINOKA, LUNG
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A.24 2 3 9 puO2 Monodisperse Aerosol (0.75 jm AMAD), Repeated Exposure Study (continued)

CUMULATIVE
INHALATION FIRST EXPOSURE MAXIMUM ALPHA RA, IAT!

DOG IDENTIFICATION EXPOSURE ................. TLR VSC) ALPHA DOSE TO LUNG
-------------------............. AGE WT --------------------.-------- NUMBER OF DOSE RATE ----------------

TATTOO AN-EXPT SEX GROUP BLOCK DATE DAYS KG NCI/KG NCI KBQ/KG KBQ EXPOSURES GY/DAY TO 9-30-91 TO 0

--- ...... .. .. ........................................................................................

1057S 02-2322 F III F 77293 391 8.5 24 210 0.89 7.9 18 .0027 6
10577 03-2322 F IIl F 77293 391 9.4 26 230 0.96 8.3 20 .0029 8

1058C 04-2322 M 1i1 1 77293 391 10.3 19 210 0.70 7.8 20 .0021 6

1055S 01-2352 T III H 77314 430 8.9 38 350 1.4 13. 19 .0037 11
1066A 02-?352 M III K 77314 378 9.0 32 290 1.2 11. 20 .0031 11

10658 03-2352 M III K 77314 391 10.1 26 270 0.96 10. 19 .0026 8
10677 04-2352 F III H 77314 373 8.9 32 300 1.2 11. 20 .0031 11
1071S 01-2392 F III 1 78012 421 8.6 23 210 0.85 7.9 19 .0026 7
1070U 02-2392 F III J 78012 422 9.7 17 170 0.63 6.4 14 .0022 3
1073U 03-2392 F III L 78012 419 8.5 22 210 0.81 7.6 12 .0029 4
1078S 04-2392 F III L 78012 401 10.2 20 220 0.74 8.0 20 .0024 6
1037A 01-2246 M S C 77230 400 10.3 160 1700 6.1 62. 8 .025 22
1041A 02-2246 N S A 77230 369 10.0 54 580 2.0 21. 4 .010 4
1037T 03-2268 F S 8 77244 414 8.5 170 1500 6.4 54. 10 .022 26

10400 04-22t8 M S E 77244 396 10.3 23 250 0.85 9.3 2 .0051 1

10540 02-2294 M S G 77272 391 7.9 200 1700 7.3 61. 10 .027 31
1049T 04-2294 F S D 77272 399 9.7 28 280 1.0 10. 2 .0056 1

1054C 02-2320 M S I 77292 411 7.0 180 1300 6.5 47. 9 .025 29
1049V 04-2320 F S F 77292 419 9.3 160 1500 5.9 57. 7 .028 17
1065T 03-2350 F S H 77313 390 7.9 81 640 3.0 24. 4 .016 6
1064C 04-2350 M S K 77313 391 8.5 46 410 1.7 15. 2 .0088 2
1067U 0?-2390 F S 1 78011 435 6.9 88 700 3.3 26. 9 .015 13
1078T 03-2390 F S L 78011 400 10.2 41 470 1.5 17. 4 .0075 31
1037E 01-2249 M C A 77231 401 10.0
1040A 02-2249 M C C 77231 383 13.5
1044T 01-2270 F C B 77244 380 7.1
1043A 02-2270 M C E 77244 382 10.8
1058A 01-2293 H C G 77271 369 10.0
1051T 02-2293 F C D 77271 395 7.5
1058S 01-2324 F C F 77305 403 10.5
1062A 02-2324 M C £ 77305 384 11.2
1066T 01-2347 F C 8 77312 376 7.0
1062C 02-2347 M C K 77312 391 11.5
1077T 01-2394 F C L 78045 440 8.8
1068V 02-2394 F C J 78045 464 9.5

EXPOSURE GROUPS:
GROUP I: SINGLE EXPOSURE TO 0.1UCI; THEN SHAM EXPOSURE EvERY 182 DAYS.
GROUP It: LUNG BURDEN INCREASED 0.1UCI EVERY 182 DAYS.
GROUP III: LUNG BURDEN INCREASED O.01UCI EVERY 182 DAYS.
GRO;UP S: SACRIFICE SERIES; EXPOSURES AS FOR GROUP I1.
GROUP C: CONTROLS; StiA1 EXPOSURE EVERY 182 DAYS.

NOTES:
TLB (WBC)= TOTAL PLUTONIUM ACTIVITY INHALED BASED 014 WHOLE BCOY COUNTS OF 169Y6 TAG.
DOSE AND DOSE RATE ARE FOR LUNG AND INCLUDE ACTIVITY IN TRACHEOSRONCHIAL LYMPH NODES.
0, E, OR S INDICATE THE DOG DIED, WAS EUTHANIZED OR WAS SACRIFICED, RESPECTIVELY. PRCMIMATE FINDINGS ARE INCLUDED.

_ 01



CJMULATIVE
MAXIMUM ALPHA RADIATION DAYS FROM FIRST

ALPHA DOSE TO LUNG (GY) EXPOSURE TO
DOSE RATE .................... DEATH ---------------

GY/DAY TO 9-30-91 TO DEATH DATE 9-30-91 DEATH COMMENT
. .... .... ........ .. ... ..... ..... ....... ..... .......... ................... ... .. °..........

.0027 6.6 87104 3463 E-CARCINOMA, LUNG

.0029 8.9 89354 4444 D-BRONCHOPNEUM.NIA

.0021 6.2 89163 4253 D-PAPILLARY ADENCC.ýRCINOMA,LUNG

.0037 11. 87195 3533 E-CARCINOMA, LUNG

.0031 11. 89225 4294 D-PAPILLARY ADENOCARCINCMA,LUNG

.0026 8.2 88224 3927 E-PAPILLARY ADEmOCARCINCMA, LUNG

.0031 11. 89213 4282 D-PAPILLARY ADENCCARCINOMA,LUNG

.0026 7.8 89220 4226 E-HEMANGIOSAPCCMA,VERTEERA

.0022 3.8 84271 2450 E-MELANCMA,ORCPHARYNX

.0029 4.2 83118 1933 D-ACCIDENTAL DEATH

.0024 6.2 87349 3624 E-PaPILLARY ADENOCARCIN0fA, LUNG

.025 22. 81299 1530 E-PNEUMCNITIS AND PULMONARY FIBROSIS

.010 4.1 79228 728 S-SACRIFICED

.022 26. 82116 1698 D-FNEUMONIIIS A.D PULMONARY FIBROSIS

.0051 1.1 782.43 364 S-SACRIFICED

.027 31. 82284 1838 S-SACRIFICED

.0056 1.5 78276 369 S-SACRIFICED

.025 29. 82298 1832 S-SACRIFICED

.028 17. 81098 1267 E-PNEUMONITIS AND PULHONARY FIBROSIS

.016 6.0 79311 728 S-SACRIFICED

.0088 2.5 78312 364 S-SACRIF!CED

.015 13. 82299 1749 S-SACRIFICED

.0075 3.2 E0015 734 S-SACRIFICEZ,
91198 5080 E-MELANOMA,MOUTM
83290 2250 D-ACCIDENTAL DEATH

5142
88168 3941 E-CARCINOMA, PERIANAL GLAND

5115
89096 4208 D-CONGESTIVE. HEART FAILURE

5081
80179 969 D-STRANGULATED HERNIA

5074
91249 5050 D-ERONCHOPHEUMCNIA
91029 4732 ECARC.N(A,PITUITARY
90045 433 E-ADENOCARCINC-A, MAMMARY GLAND

:lN011GS ARE INCLLUED.
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This appendix contain:, detailed tabular informnation throuchb Septembe-.r 30, 1991, on all dogs in the life-

span studies and many re!aked I&cncfi,:e %,enes a~s4'k~ated with these studie~s that have been initiated At the University

of Utah over the past 35 years. Al! of the dogs remaining alive in the life-span studies at the University of Utah

were transferred to the Lovelace ITRI colony on Septembevr 15, 1987, where they are being maintained and studied

for the remainder of their lif-e spans. Responsibility for managing the completion of the UtAh life-sran studie-s

has been a.ssýigned to ITRI, with input from a small team of ins estigators at the University of Utah and investigaitors
at ITRI.

Appendix tables of this kind have been an iniportant pa;! of the annual reports from the Utah studies.

and they \A,ill be continued As part of futur ITRI annual reqxirts. For consistency, the format of the Utah tables

is sini'lar to that use-d in past repo~rts.

The following tahles detailed information on the tox~icity and test Animals, respectivel). Toxicity animals

are those animals that were usually maintAined until sa(rilice becamne A clinical nekessity: test animals wAere sacrificed

as neekled for special studies.

Dogs were put into the toxicity study at grade.d injection lcyels. At each le~el, about hAif the dogs vwere

male and] half female. Litter mnAtes were used %kheneser po~ssible. Abnormal dogs %-ere excluded. Eacýh Animal

received the desicnated quantity of one! radionuclide in A ,iný'!e inirýivenous inievtion 40. 008 rn4lar ilr'ate solution

at pli 3.5. Unless other-wise spe)Icified, the radionu-lides \Aeiv mtonomevric: (-ither ionic or complexud %ith citrAte).

The live injection leseols desit;'.med by intevecs are those .ýp.* fled it the early meetings; o! (the consuiltants:

those dcý.ivnated by n' mintegshae !een Added by the: lAboratory statlL Since those injo-tion levels were origtin~ally

specified in 'retained" activities, the actual ntilections wire toiur tirm-s the desired 'rctained' jXACg for Y"r 2 'Ph.
22 4 RA, -2Ra. and :"SRa. andi 1. 11 times the dcsired "retarnd' pdig tor ':ATh, :"Pu, 2''Am. 2 Cm, :4'

2'2'f, and 2~~

0. 1 Act RA
Level 1 10 x....... 01 0143 retainA d aCikg

70 kg mnn

The desired 'rettned" actis ties ^eie the 'ante Afo All the' fAil1onu. l~dI' esckpt "'Srj, in %Ahih .ase they
were greater by a factor of I1) Injection 1ee I was the basis (, thw 'hcme, and %As 103 times% the omAximrnu

permvtiible coneenrittrton of "R.. in mian.

Since raditoacitis dc Av Anid exs~rctw n ok~kur c~ontinu 'i#mst the teýrml t,'tAl ibody retention' is tocenirgl,-ss

uinles the time Aftter injection vis r itivd Out present mati 1r ind!lAte Ih~t th5 tic Cts'O retenio ofV`111 Ot AAtIn

e~arth elemientsý And 21'ýPh decrca it ýtoabot 25 '; it tha t jc~ ted ll the t-dlo',s ing twims alter iritjs'etion

Ljcen Mim Id~

' r 1

j111
22 a,



Retention of actinide elements decreased to about 90% at post-injection times shown below:

22STh 6
239pu 6
2 4 1Am 6
2 43 2 44 Cm I
253Es I

All other injection levels were simple multiples of level 1, as shown below.

Level 0.1 is 1/27 of level I

Level 0.2 is 1/9 of level I

Level 0.5 is 1/3 of level I

Level 0,7 is 2/3 of level I

Level 1.5 is 2 times level I

Level 1.7 is 1• times level I

Level 2 is 6 times level I

Level 3 is 6S times level I

Level 4 is 54 times level I

Level 4.5 is 94 times level I

Level 5 is 162 times level I,

The numbering system for the dogs was built around the injection program andsetrves as a code to describe
each dog's place in the experiment. The first letter tells the sex of toxicity animals (M = male. F - female).
When the first letter is T, the dog is a test animal. M, F. or T is followed by a number which denotes chronological
order of the itndiv.dual test dogs, or of groups, in the rase of toxicity dogs.

Next comes a code letter for the radionuclide: C 24!2444 Cm; E1 - "Es: F; 2._Cf; 0-- 2fG f; f 15Sr,
1<-237'24 1Np. L=2t)Pb; MN 22XRa; P.-3 'ZPu: Q 224Ra; R 22%Ra; S-)Sr. T_- ... Ij 2'.- 2U; V= ,
W= 24 1Am: A-ancillary (nonradioactive).

"*A following the regular dog number means that the doe is a rk-placement: 1"1 following the regular
dog number means that the dog received more than one injection. '13%. 'C or 0D* denotes an intended special
assignment, but most of these dogs have been redc'%gnated for life-span toxicity studies. 'E" in thw final position
is used to denote that the dog listed is a St. Bernard. 'P* in the final position indicates that the nuclide was
polymeric (inje.cted in a particulate form). "Y in the final polsition indihates that the anim:al was injected as a
juvenile. *N" in the firal position indicates that the animal was injected as a neonate. A plus (-) in the final
position denotes that the animal was "old" %hen injected. Letters denoting a rad;onuchde may fotlow the final

number, in which case the letter indicates that tvo radiontuclides were given. The iniectl4>n level refers to the
radionuclide appearing first in the identifying code.

Example: MlIR5 is a male animal in the first radiumn group at the hi)2hvct injection level.
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Although MINIR5, MINIR4, N1I R3. NII R2. NI IRI, and M IRO constitute a group and were injected at
the same time, the tables, are arranged according to injection level to facilitate comparison of al! the R5 animals,
all the R4 anima~s, etc.

The conditions listed in the status; tahles under 'Comments on Dead Dogs" giv.e the cancers and
the lesions that had the most apparent effect on the clinical status- of the animal. These comments should not
be considered as confirmed pathology. For example. multiple rib fractures, which seldom produce symptoms.
are not listed, even though their incidence was usually much higher than the crippling fractures involving the
limb bones or mandible. The hematological changes have been omitted unless they were extreine. Increased rate
of tooth loss, hepatic changes, eye lesions, and many other factors in the various syndromes have nct been included
because of space limitations. Over the years imany soft tissue tumors hive been removed surgically. In many
instances, the conditions that have: been listed were the reasonms for sacrifice of the animal but they were not the
immediate ciuse of death. Most of the animals were euthanized wshen death appeared imminent or when life could
no longer be prolonged humaneiy.

DOSIMETRY

The table-, include the calculated a'.erage do'.e in Gy to the skeleton at death. 19 Sr. 22 'Ra, 25 Ra,
241AM, 249Cf, and 252Cf doses are calculated tor each doe. usinsi its individually observed retention values: 23'9pu,
21.Th. and 22411a doses are hased on the average retention euilotion~s. For the young: adult Beigle does injected
at about 17 mo of age, the following equations w&ere used for 1,1-: EFFECTIV[E skeletal retention at Mt days after
injection to account tor both radioactive decay And biological elinination. These equations do not apply to St.
Bernards (E) or to Beagles injected as neonates (N). young juveniles (Y), old dogs (+,or to dogs receiving
polymeric plutonium (P) or chelation therapy.

Detailed retention data and dosimetric an.alyses w-ere presented or referenced in the 1984 annual report
(COO-I 19-259, December 1984). The %kelcial dose, are based upon a w~et skeleton which is 10%{ of the body

* weight at the time of injection (COO-I 19-257, pp. 89-()2., 19S2).

22-"Ra and ~22Ra doses deserve ;pvcial comment. The dose from' pure" 228RA and its in vityv produced
daughters is based ion our best ev.aluation of 5.77 - 0.02 yr for the 22RA half-period. The tAbulited total dowse
include the contributions from 12 XTh contamination in the injection solutions. For example. 22STh contaminations
of 0.69c, 3q and 15%. respectively, account for Yý, 13% And 4,"( of the total dose in rads at 10(X) days. If
injected 22 8Th is four timnes more toxic rad-for-rad than is in vivo produced 2 -Th, these injected 2 `Th contamrination
would account for 10',`, 37';1 And 74% of the total him loc!iCal draeat ltXO) days. Therefore, it may Ne desirtble
to use only results fromn the Jlightly contamiinated (0.6% 2 5c h di"'i ' autmni Ra toxicits . The contribution
from injected 2 t0 Pb 'Ahich occurs in the, 1:SRa inject~mmn so~luion a% a result of :2sRA decay hais bee:n included
in skeleton dose calculations for -2 1sR, does. This can Acciount for bescnabout I'% and 30'i ofi the totial:

2 26 Ra (adult-., dose level 5) 0. 02Oe 0 2 o* 0(-J

,
26 A _adilt,, lower levels) 0 2 le)~O 5 0. IF,,-~ 0. I15e't 

. ~

Rl
2 6~Ra (adults;, all level~s) -0.075 1I-c 1" t' Iii 239pu (dos;e level 5) -'0.07,W

0 ýX'1 +d 0 .43

- 23'ýPu (dose level 4) .le 0
I i 0 Y9

'-1Pu (dose lovel 3) 0. 5e-'~ )t 0. 3.

2"Pu (lower levt-ls) 0.29cm)"%fi i 0.21
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/I

22 8Ra (all levels) = 0.2le"-°0 16' + 0 .1 7 7 e-°O.'24t + 0.15e-0'° 8 (pure at t 0)

with 84% retention of in vivo produced daughters of 2 2 8Th.

228Th (all levels) = 0.68eO0- 1 7""

with ratios of 224Ra, 22 0 Rn, 2 16 po, 212pb, 2 12Bi to 228-h as a function of time after injection
and of dose level as given in Radiar. Res. 98: 614-628, 1984.

2 4 1Am (dose level 5) = 0.359 + 0.157 (I-eO"S-t)

24 1Am (dose level 4) = 0.359 + 0.141 (l-e"0-cW 29 t)

24 1Am (dose level 3) = 0.359 + 0.076 (--e0002 1 t)

241Am (lower levels) = 0.359 + 0.015 (1-e-0001 4t)

249 Cf (all levels) = 0.498e-0.00007 94t

2 52 Cf (all levels) = 0.498e"00W) 79ut

2 24 Ra (all levels) = 0.528e-0 -2 141 - 0,228e-9
with the effective retention of 2 24 Ra daughters for all levels of:

2 2 0 Rn and 2 16 po = 0.486e-0 ,2 14 ' - 0.276e 4 ' 6 5,

2 12 pb = 0.447e-0, 21 4t . 0.336,- 40N

212Bi = 2 12po + 20°T1 0 0. 3 91e -0-214t 0.35r)-2 3 8i

For the calculation of radiation dose for dogs that hmd received part;culate plutonium, mea.sured skeletal

weights were used. The following skeletal Pu-retentions (RSket) . applied:

1. Dogp that received no Airther treatment: RSkW = 60(1 - 0.914e0° -•Wt)e'0237i.

2. Dogs that received 30 ,mole CaDTPA/kg once weekly: RSL¢t 6,7 constant average retention.

3. Dogs that received 30 ,*mole ZnDTPA;kg daily: Rsk = 2.84 constant average retention.
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